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NOTATIONAL CONVENTIONS 


Values 


I/O addresses and other values are in hexadecimal 
notation when shown with the letter h after them. 
Memory addresses are always in hexadecimal and are 
expressed as SSSS:0000, where SSSS is a 16-bit 
segment and 0000 is a 16-bit offset. All other 
numbers are in decimal notation. 


Ranges 


Ranges or limits for a parameter are shown as a pair 
of values separated by two dots (..). For example, 
4..0 includes numbers 4, 0, and every number in 
between (3, 2, and 1). 


Signal Labels 


Signal values are labelled AQ, Al, Al5, etc. Signal 
names are in upper case. Signal names with a dash (-) 
as a suffix indicate that that signal is negative 
when true, or active when low. 


Bit values are labelled bit 7, bit 6, bit 0, etc. 


Labels with the smallest suffixes (A0, bit 0) have 
the least significance or value. 


Register Notation and Usage 


The standard Intel naming conventions are used for 
the 80286 registers. AX, BX, CX, and DX are the 
names of the general registers when used as word- 
length registers (16-bit). AH, AL, BH, BL, CH, CL, 
DH, and DL are the names for the general registers 
when they are used as byte-length registers (8-bit). 
When addresses are handled, BX usually contains the 
offset. However, SI (source index) or BP (base 
pointer) may also be used with the ES register. 


The ES register denotes the extra segment and is used 
exclusively for address-segment parameter passing; FL 
is the flag register used to return the status of 
some operations. Status is given as the state of one 
of the flags within the register: CF for carry flag, 
IF for interrupt flag, etc. 


The shaded register-set boxes are ignored on input 
and are unchanged for output. An exception is that 
the contents of AX are not guaranteed to be preserved 
across all calls. Always reload the function code in 
AH and the parameter in AL (if any) to repeat a call. 
Register contents are always preserved across BIQS 
calls, unless the register is used to return a value. 


Bit Notation 


Bit fields within a byte or word are shown as a range 
of decimal] numbers separated by two dots <..> and 
enclosed in angle brackets. For example, reference 
to the four most-significant bits in a word is made 
with <15..12>. The higher number, representing the 
most-significant bit, is on the left. 


Common Abbreviations 


The following abbreviations are used throughout this 
guide: 


Abbr. Meaning Comment 
CNTLR Controller 
DMA Direct Memory Access 
FRI Flux Reversals 
per Inch 
INT Interrupt 


KB Kilobyte 1024 Bytes 

MB Megabyte 1,024,000 Bytes 

ms Millisecond Always preceded by a 
number 

ns Nanosecond Always preceded by a 
number 


RAM Random-Access Memory 


ROM Read-Only Memory 
RTC Real-Time Clock 


TPI Tracks Per Inch 


us Microsecond Always preceded by a 


number 


| 
| 
/ 
. 


CONTENTS 


CONTENTS 

PREFACE 

HOW TO USE THIS DOCUMENT 
NOTATIONAL CONVENTIONS 


CHAPTE 
SYSTEM OVERVIEW 


INTRODUCTION 

SYSTEM CHARACTERISTICS 

SYSTEM COMPONENTS FOR 80286-BASED COMPAQ PERSONAL COMPUTERS OPERATING AT 8 AND 6 MHz 
SYSTEM COMPONENTS FOR 80286-BASED COMPAQ PERSONAL COMPUTERS OPERATING AT 12 AND 8 MHz 
SYSTEM SPECIFICATIONS 

SYSTEM INTERCONNECTIONS 

INTRODUCTION TO THE INTEL 80286 MICROPROCESSOR 

SYSTEM FEATURES 

CONNECTIONS 


a a ee ee 
oOo won moO Se WH MY 


CHAPTER 2, PART 1 
SYSTEM BOARDS 6 AND 6 MHZ ONLY) 


INTRODUCTION rage 
CPU AND CPU SUPPORT 2-3 
MEMORY SYSTEM 2-7 


PROGRAMMABLE DEVICES 2-17 
EXPANSION BUS 2-62 
MISCELLANEOUS SYSTEM BOARD INFORMATION 2-/1 
GATE ARRAY DEVICES 2-75 


JUMPERS AND SWITCHES 2-/6 
CONNECTORS 2-77 
COMPONENT LAYOUTS AND SCHEMATICS 2-92 


CHAPTER 2, PART 2 
SYSTEM BOARD 43 MHZ ONLY) 


.11 THE 12 MHz COMPAQ DESKPRO 286 2-128 
.12 CPU AND CPU SUPPORT 2-130 
.13. MEMORY SYSTEM 2-133 
.14 PROGRAMMABLE DEVICES 2-139 
.15 EXPANSION BUS 2-189 
.16 MISCELLANEOUS SYSTEM BOARD INFORMATION 2-198 
.17 GATE ARRAY DEVICES 2-201 
.18 JUMPERS AND SWITCHES 2-202 
.19 CONNECTORS AND EXPANSION SLOTS 2-203 
.20 COMPONENT LAYOUT AND SCHEMATICS 2-214 


PR RM PR PM HM HM NM PLO PMP PO 
oo “4 Dm Se WP Ee 


— 
>) 


MB RM PO RO MY PP KPO M PLO PM 


CHAPTER 3 
COMPAQ DESKPRO 286 SYSTEM MEMORY BOARD 


3.1 INTRODUCTION 
3.2 COMPAQ DESKPRO 286 SYSTEM MEMORY BOARD RAM 
33 COMPAQ DESKPRO 286 SYSTEM MEMORY BOARD ROM 


3.4 JUMPERS 
3.5 SCHEMATICS 
CHAPTER 4 


512/2048-KBYTE MEMORY EXPANSION BOARD 


4.1 INTRODUCTION 
4.2 512/2048-KBYTE MEMORY EXPANSION BOARD RAM 


CHAPTER 5 
MULTIPURPOSE CONTROLLER BOARDS 


INTRODUCTION 

DRIVE CONTROLLER CIRCUITS 
ASYNCHRONOUS COMMUNICATIONS CIRCUITS 
PRINTER CIRCUITS 

JUMPERS 

SWITCHES 

CONNECTORS 

SCHEMATICS 


(Op On me On et © 2 ee On ee On en On ne On 
Onn DMD NO LS W POF 


3-1 
3-5 
3-10 
3-10 
3-13 


4-1 
4-3 


5-1 
O77 
oe et 
5-16 
5-19 
9-23 
5-24 
5-33 


CHAPTER 6 
FIXED DISK DRIVE CONTROLLER BOARD 


6.1 INTRODUCTION 

6.2 FIXED DISK CONTROLLER PROGRAMMING 
6.3 COMMAND INFORMATION 

6.4 CONNECTORS 

6.5 SCHEMATICS 


CHAPTER 7 

VIDEO DISPLAY CONTROLLER BOARDS 
7.1 INTRODUCTION 

7.2 FUNCTIONAL DESCRIPTION 

7.3. PROGRAMMING THE VIDEO DISPLAY CONTROLLER 
7.4 VIDEO DISPLAY MODES 

7.5 MONITORS SUPPORTED 

7.6 JUMPERS 

7.7 CONNECTORS 

7.8 SCHEMATICS 

CHAPTER 8 

KEYBOARDS 


8.1 INTRODUCTION 

8.2 KEYBOARD FEATURES 

G3 KEYBOARD COMMUNICATIONS INTERFACE 
8.4 KEYBOARD FUNCTIONS 

8.5 CONNECTORS 

8.6 INTERNATIONAL KEYBOARDS 


6-1 
6-2 
6-11 
6-20 
bH23 


/-] 
/-3 
/-9 
7-15 
7-18 
1-23 
/-27 
7-31 


8-1 
8-2 
8-5 
8-7 
8-33 
8-34 


CHAPTER 9 
POWER SUPPLY 


9.1 INTRODUCTION 
9.2 FUNCTIONAL DESCRIPTION 

9.3 SPECIFICATIONS 

9.4 CONNECTORS 

CHAPTER 10 

DISKETTE DRIVES 

10.1 INTRODUCTION 

10.2 FUNCTIONAL DESCRIPTION 

10.3 SPECIFICATIONS 

10.4 CONNECTORS 

CHAPTER 11 

FIXED DISK DRIVES 

11-1 INTRODUCTION 

11-2 CONFIGURATION 

11-3 SPECIFICATIONS 

11-4 ST506 INTERFACE CONNECTORS 

11-5 COMPAQ 16-BIT INTERFACE CONNECTORS 


gel 
9-1 
9-4 
9-8 


10-1 
10-2 
10-3 
10-4 


11-1 
11-2 
11-4 
LT=5 
11-9 


CHAPTER 1 
FIXED BISK “DRIVE BACKUP SYSTEMS 


12.1 INTRODUCTION 

12.2 SPECIFICATIONS 

12.3. FIXED DISK DRIVE BACKUP COMMANDS 
12.4 CONNECTORS 

12.5 TAPE FORMAT 

12.6 TAPE UTILITIES 


CHAPTER 13 
MONITORS 


13.1 COMPAQ DUAL-MODE MONITOR 
13.2 COMPAQ COLOR MONITOR 


12-1 
12-4 
12-5 
12-8 
12-10 
12-11 


foe] 
13-10 


CHAPTER 1 
BIOS PROGRAMMING GUIDE 


14, 
14. 
14. 
14. 
14. 


oman mon FP WM 


INTRODUCTION 

BIOS INTERRUPTS SUMMARY 

PROCESSOR INTERRUPTS 

COPROCESSOR INTERRUPTS 

TICK COUNTER/REAL-TIME CLOCK (RTC) INTERRUPTS 
SYSTEM INTERRUPTS 

DISKETTE DRIVE INTERRUPTS 

PRINTER INTERRUPTS 

ASYNCHRONOUS COMMUNICATIONS INTERRUPTS 
KEYBOARD INTERRUPTS 

FIXED DISK DRIVE INTERRUPTS 

VIDEO INTERRUPTS 

MISCELLANEOUS INTERRUPTS 

SPECIAL BIOS ROM LOCATIONS 


APPENDIX A 
ERROR MESSAGES 


APPENDIX B 


ASYNCHRONOUS COMMUNICATIONS/PARALLEL PRINTER BOARD 


INDEX 
READER SURVEY 


14-1 
14-9 
14-14 
14-19 
14-21 
14-30 
14-48 
14-64 
14-70 
14-76 
14-89 
14-106 
14-126 
14-129 


LIST OF FIGURES 


FIGURE 
t-1. COMPAQ PORTABLE 286 1-1 
ee, COMPAQ DESKPRO 286 1-1] 
1-3, System Block Diagram for Both Systems (COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286) 

Operating at 8 and 6 MHz 1-6 
1-4, System Block Diagram for the 12-MHz COMPAQ DESKPRO 286 Personal Computer 1-8 
1-5: COMPAQ PORTABLE 286 Interconnection Diagram 1-12 
1-6. COMPAQ DESKPRO 286 (8-MHz) Interconnection Diagram 1-13 
1-7. COMPAQ DESKPRO 286 (12-MHz) Interconnection Diagram 1-14 
1-8. COMPAQ PORTABLE 286 Front View 1-18 
1-9. COMPAQ DESKPRO 286 Front View 1-18 
1-10. COMPAQ DESKPRO 286 Left Side View 1-19 
1-11. COMPAQ DESKPRO 286 Rear View 1-19 
l=l2: COMPAQ PORTABLE 286 Fuse Holder with Spare 1-20 
1-13. COMPAQ DESKPRO 286 Fuse Holder with Spare 1-20 
1-14, COMPAQ PORTABLE 286 Right Side View 1-21 
(doa System Board Functional Block Diagram 2-4 
ene. CPU _and CPU Support Circuitry Block Diagram 2-5 
C=3% Memory Address Decoding Simplified Block Diagram 2-] 
2-4, A_16-Bit Word Divided into Two Bytes 2-8 
2-5. COMPAQ PORTABLE 286 Memory Configurations 2-10 
2-6. COMPAQ DESKPRO 286 Version 2 System Board Memory Confiqurations 2-15 
2-7. I/O Address Decoding Simplified Block Diagram 2-20 
2-8. Memory Address Derived from Page Register and DMA Register Contents 2-21 
2-9. MC146818 Memory Map 2-31 
2-10. Keyboard Controller Functional Block Diagram _ 2-40 
2-il. Simplified Schematic of the Data and Clock Circuits 2-41 


2-12. 
Hag 
2-14, 
2-15; 
2-16. 
2-17. 
2-18. 
c-19:: 
2-20. 
2-21. 
0-22. 
2-23. 
2-24, 
2-25. 
2-26. 
2-27. 
2-28. 
o-29. 
2-30. 
2-31. 
2-32. 
2-33. 
2-34, 
2-35. 
2-36. 
2-37. 
2-38. 
2-39. 
2-40. 


ll- and 9-Bit Data Formats 2-42 


8042 Output Port - Bit Definition 2-43 
8042 Input Port - Bit Definition 2-44 
8042 Test Input Port - Bit Definition 2-44 
8042 Status Register (Input Port 64h 2-45 
8042 Command Byte (Output Port 64h 2-46 
Counter Architecture 2-54 
Interrupt Controller Circuit Diagram 2-61 
COMPAQ PORTBLE 286 System Board Connectors and Jumpers 2-79 
Expansion Slot - 36-Pin Connector 2-85 
Expansion Slot - 62-Pin Connector 2-85 
J109, COMPAQ PORTABLE 286 Speaker Connector 2-86 
Ji10, COMPAQ PORTABLE 286 Battery Connector 2-86 
Ji11, COMPAQ PORTABLE 286 Keyboard Connector 2-86 
J112, COMPAQ PORTABLE 286 Monitor Connector 2-86 
J113, JI14, and J115, COMPAQ PORTABLE 286 Drive Power Connectors 2-86 
J116, COMPAQ PORTABLE 286 Main Power Connector 2-8/7 
Jil7, COMPAQ PORTABLE 286 Security Lock Connector 2-8/7 
COMPAQ DESKPRO 286 Version 1 System Board Connectors and Jumpers 2-88 
COMPAQ DESKPRO 286 Version 2 System Board Connectors and SW1 Location 2-89 
J109 and Jl10, COMPAQ DESKPRO 286 Fixed Disk Drive or Fixed Disk Drive Back-up Power Connector 2-90 
Jlll_ and J112, COMPAQ DESKPRO 286 Diskette Drive Power Connectors 2-90 
J113, COMPAQ DESKPRO 286 Monitor Power Connector 2-90 
J115, COMPAQ DESKPRO 286 Speaker Connector 2-90 
J116, COMPAQ DESKPRO 286 Keyboard Connector 2-90 
Jil7, COMPAQ DESKPRO 286 Main Power Connector 2-91 
J118, COMPAQ DESKPRO 286 Battery Connector 2-91 
J119, COMPAQ DESKPRO 286 Security Lock Connector 2-91 


COMPAQ PORTABLE 286 System Board Component Layout 2-92 


2-41. 
2-42. 
2-43. 
2-44, 
2-45. 
2-46. 
2-47. 
2-48. 
2-49, 
2-50. 
2-51. 
2792, 
2-53. 
2-54. 
C-95; 
2-56. 
2-57. 
2-58. 
2-59. 
2-60. 
2-61. 
2-62. 
2-63. 
2-64. 
2-65. 
2-66. 
2-67. 
2-68. 
2-69. 


COMPAQ PORTABLE 286 System Board Schematics 2-93 
COMPAQ DESKPRO 286 Version 1 System Board Component Layout 2-100 
COMPAQ DESKPRO 286 Version 1 System Board Schematics 2-101 
COMPAQ DESKPRO 286 Version 2 System Board Component Layout 2-109 
COMPAQ DESKPRO 286 Version 2 System Board Schematics 2-110 
System Board Functional Block Diagram 2-129 
CPU_and CPU Support Circuitry 2-131 
Memory Address Decoding Simplified Block Diagram 2-133 
A_16-Bit Word Divided into Two Bytes 2-134 
System Board Memory Confiqurations 2-137 
1/0 Address Decoding Simplified Block Diagram 2-142 
Memory Address Derived from Page Reqister_ and DMA Register Contents 2-143 
MC146818 Memory Map 2-156 
Keyboard Controller Functional Block Diagram 2-169 
Simplified Schematic of Data_and Clock Circuits 2-170 
1ll- and 9-Bit Date Formats 2-171 
8042 Output Port - Bit Definition 2-172 
8042 Input Port - Bit Definition 2-173 


8042 Test Input Port - Bit Definition 2-173 
8042 Status Register (Input Port 64h 2-174 


8042 Command Byte (Output Port 64h 2-175 
Counter Architecture 2-183 


Input Controller Circuit Diagram 2-190 
system Board Connectors, SW1l Switch, and AUTO Jumper Locations 2-206 
Expansion Slot - 64-Pin Connector 2-212 
Expansion Slot - 62-Pin Connector 2-213 
J109 and J110, Fixed Disk Drive or Fixed Disk Drive Backup Power Connector 2-214 
Jlll_and Jil2, Diskette Drive Power Connectors 2-214 
J113, Monitor Power Connector 2-214 


2-70. 
2-)1 
Vad Bag 
2-73. 
2-74. 
2-75. 
2-76. 


J115, Speaker Connector 2-214 
J116, Keyboard Connector 2-214 
J117, Main Power Connector 2-215 
J118, Battery Connector 2-215 
J119, Security Lock Connector 2-215 
The 12-MHz Version COMPAQ DESKPRO 286 System Board Component Layout 2-217 
The 12-MHz COMPAQ DESKPRO 286 System Board Schematics 2-218 


COMPAQ DESKPRO 286 System Memory Board Version 1 Component Layout 3-2 
COMPAQ DESKPRO 286 System Memory Board Version 2 and Version 3 Component Layout 3-3 


COMPAQ DESKPRO 286 System Memory Board Functional Block Diagram 3-4 
COMPAQ DESKPRO 286 with Version 1 System Board Memory Configurations 3-8 
COMPAQ DESKPRO 286 with Version 1 System Board Memory Configurations 3-9 


COMPAQ DESKPRO 286 System Memory Board Schematics 3-14 
512/2048-Kbyte Memory Expansion Board Version 1 Component Layout 4-] 
512/2048-Kbyte Memory Expansion Board Version 2 Component Layout 4-] 
512/2048-Kbyte Memory Expansion Board Functional Block Diagram 4-2 
512/2048-Kbyte Memory Expansion Board Configurations 4-5 
Multipurpose Controller Board Component Layout 5-3 
Multipurpose Fixed Disk Drive Controller Board Component Layout 5-3 
Functional Block Diagram for Both Multipurpose Controller Boards. 5-4 
Multipurpose Controller Board Jumper Locations 5-21 
Multipurpose Fixed Disk Drive Controller Board Jumper Locations 5-23 
Multipurpose Controller Board Connector Locations 5-25 
Multipurpose Fixed Disk Drive Controller Board Connector Locations 5-25 
J701, 9-Pin Asynchronous Communications Connector 5-26 
J502, 25-Pin Parallel Printer Connector 5-27 
J902, Fixed Disk Drive Controller LED Indicators Connector | 5-28 
J901, Fixed Disk Drive Controller Host Adapter Connector 5-29 


J501, Diskette Drive Controller Connector 5-31 


5-13. 
5-14. 
6-1. 
6-2. 
6-3. 
6-4. 
6-5. 
7-1. 
fe: 
F=3%, 
7-4, 
7-S. 
7-6. 
[o1. 
7-8. 
r=9:, 
7-10. 
7-11. 
fmles 


7-13. 
7-14, 
eae 
7-16. 
7-17. 
7-18. 
7-19. 
7-20, 
7-21. 
7-22. 


Multipurpose Controller Board Schematics 5-33 
Multipurpose Fixed Disk Drive Controller Board Schematics 5-37 
Fixed Disk Drive Controller Functional Block Diagram 6-2 
Typical Sector Table 6-16 
Ji, Fixed Disk Drive Control Connector 6-21 


J2_ and J3, Fixed Disk Drive Data Connector 6-22 
Fixed Disk Drive Controller Board Schematics 6-23 


Version 1 of the Video Display Controller Board 7-1 
Version 2 of the Video Display Controller Board 7-2 
Version 3 of the Video Display Controller Board 7-2 
Video Display Controller Board Funciontal Block Diagram 7-3 
Video Memory Address Space 7-5 
Comparison of Text Character Formats 7-15 
Attribute Byte for Color Text 7-16 
Alternate Attribute Byte (80 x 25, High-Scan Text Onl 7-17 
Format_of Video Memory for the Graphic Modes 7-18 
Horizontal Timing 7-21 
Vertical Timing 7-21 
Video Display Controller Board Output Signal Waveforms 7-22 
Version 1 Video Display Controller Board Jumpers Arrangement 7-25 
Version 2 Video Display Controller Board Jumpers Arrangement 7-26 
Version 3 Video Display Controller Board Jumpers Arrangements 7-26 
Connectors on the Video Display Controller Board ]-27 
J401, Internal Monitor Connector 7-28 
J402, RF Modulator Connector 7-29 
J403, Composite Video Connector 7-29 
J404, RGBI Connector 7-30 
J405, Light Pen Connector 7-30 
Video Display Controller Board Version 1 Schematics 7-31 


I= 05) 
7-24, 
8-1. 
O-25 
O=3; 
8-4. 
8-5. 
8-6. 
8-7. 


Video Display Controller Board Version 2 Schematics 7-36 


Video Display Controller Board Version 3 Schematics 7-43 
Keyboard Functional Block Diagram 8-1 
84-Key Keyboard (U.S. English 8-3 
COMPAQ Enhanced Keyboard (U.S. English 8-4 
Keyboard Communication Protocol 8-5 
System-to-Keyboard Timing Transmissions 8-7 
Assigned Position Number for Each Key on the 84-Key Keyboard 8-8 
Timing Diagram Standard for Keyboard-to-System Transmissions 8-14 
Assigned Position Number for Each Key on the COMPAQ Enhanced Keyboard 8-17 
Key 42 8-31 
Key 45 8-32 
COMPAQ PORTABLE 286 Keyboard Connector 8-33 
COMPAQ DESKPRO 286 Keyboard Connector 8-33 
French Enhanced Keyboard 8-34 
French 84-Key Keyboard 8-35 
German Enhanced Keyboard 8-36 
German 84-Key Keyboard 8-37 
Italian Enhanced Keyboard 8-38 
Italian 84-Key Keyboard 8-39 
Spanish Enhanced Keyboard 8-40 
spanish 84-Key Keyboard 8-41 
United Kingdom Enhanced Keyboard 8-42 
United Kingdom 84-Key Keyboard 8-43 
Danish Enhanced Keyboard 8-44 
Norwegian Enhanced Keyboard 8-45 
Swedish/Finnish Enhanced Keyboard 8-46 
Swiss Enhanced Keyboard 8-47 
COMPAQ PORTABLE 286 Power Suppl 9-] 


9-2. 
923% 
9-4, 
Sars 
10-1. 
10-2. 
10-3. 
10-4. 
ll-1. 
li-2. 
11-3. 
11-4. 
11=5, 
11-6. 
Li; 
11-8. 
Li=9s 
11-10. 
li-11. 
12-1. 
12-2. 
12-3. 
12-4. 
12-9: 
12-6. 
L2=7 
12-8. 
12-9. 
12-10. 


COMPAQ DESKPRO 286 Power Supply 9-1 


Power Supply Functional Block Diagram 9-2 
COMPAQ PORTABLE 286 Power Supply Cable Signals 9-9 
COMPAQ DESKPRO 286 Power Supply Cable Signals 9-9 
Typical Diskette Drive Chassis 10-1 
Diskette Drive Functional Block Diagram 10-2 
Diskette Drive Control Connector 10-4 
Diskette Drive Power Connector 10-5 
Fixed Disk Drive Functional Block 11-2 
Fixed Disk Drive Control Cable Connector (ST506 11-7 
Fixed Disk Drive Data Cable Connector (ST506 11-8 
Fixed Disk Drive Power Cable Connector 11-8 
130-MB Fixed Disk Drive 11-12 
130-MB Fixed Disk Drive Functional Block Diagram 11-13 
130-MB_ Fixed Disk Drive System Interconnection Diagram 11-14 
ESDI Fixed Disk Drive Controller Board 11-15 
ESOL Fixed Disk Drive Controller Functional Block Diagram 11-16 
J3, Data "Cable Connector 11-19 
J4, Control Cable Connector 11-19 
Fixed Disk Drive Backup Systems (Tape Drive 12-1 
Fixed Disk Drive Backup (Tape Drive) Functional Block Diagram 12-3 
Fixed Disk Drive Backup Connector Pinout 12-9 
Fixed Disk Drive Backup Power Connector Pinout 12-9 
MS-DOS Track 0 Format (DC 2000 tape 12-13 
MS-DOS Tape Track 0 Data (DC 1000 tape 12-14 
MS-DOS Tape Header 12-15 
Date and Time Format 12-18 
sample Directory 12-22 


135-MB Tape Backup 12-25 


[2-11 
12-12. 
12-13: 
12-14. 
12-15. 
12-16. 
13-1. 
13-2. 
13-3. 
13-4, 
13=0; 
13-6. 
[3-7.. 
13-8. 
13-8. 
13-10. 
13-11. 
13-12. 
14-1. 


135-MB Tape Backup Functional Block Diagram 12-26 
135-MB Tape Backup Control Connector 12-28 
135-MB Tape Backup Power Connector 12-28 
COMPAQ Tape Host Adapter 12-31 
COMPAQ Tape Host Adapter Functional Block Diagram 12-32 
COMPAQ Tape Host Adapter Schematics 12-39 
COMPAQ PORTABLE 286 Dual-Mode Monitor 13-1 
COMPAQ Dual-Mode Monitor 13-1 
Functional Block Diagram for COMPAQ PORTABLE 286 Monitor 13-3 
Functional Block Diagram for COMPAQ DESKPRO 286 Monitor 13-2 
Screen Active Area 13-4 
COMPAQ Dual-Mode Monitor Video Timing Waveforms 13-5 
COMPAQ Dual-Mode Monitor Horizontal Timing 13-6 
COMPAQ Dual-Mode Monitor Vertical Timing 13-6 
COMPAQ PORTABLE 286 Dual-Mode Monitor Siqnal Connector 13-8 
COMPAQ PORTABLE 286 Dual-Mode Monitor Power Connector 13-8 
COMPAQ Dual-Mode Monitor Signal Connector 13-9 
COMPAQ Dual-Mode Monitor Power Connector 13-9 
ROM Memory Addresses 14-1 


LIST 


TABLE 
T=1., 
[=2., 
1-3), 
1-4. 
l=5., 
1-6. 
eh, 
271% 
2-2. 
2-3. 
2-4. 
2-9; 
2-6. 
ad ae 
2-8. 
ord 
2-10. 
a=11.. 
e712: 
2-13. 
2-14. 
2-15 
2-16. 
e-17 
2-18. 
2-19. 


OF TABLES 


Features of the COMPAQ PORTABLE 286 Personal Computer 1-3 
Features of the Various Models of 8-MHz and 12-MHz COMPAQ DESKPRO 286 Personal Computers 1-4 
COMPAQ PORTABLE 286 System Specifications 1-9 
COMPAQ DESKPRO 286 System Specifications 1-10 
System Memory Map 1-16 
System [/0 Ma 1-16 
COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 Fuse Types 1-21 
Bus Cycle Status Definition 2-6 
Jumper Settings for System ROMs 2-11 
Base Memory Size Switch Settings 2-14 
Expansion Memory Size Switch Settings 2-14 
Jumper Settins for ROM Sets 1 and 2 2-17 
System Board I/0 Ma 2-18 
DMA Channels Assigned to the Controllers 2-21 
DMA Controller Registers 2-23 
Port Address for DMA Channels 2-30 
MC146818 Real-Time Clock Memory Locations 2-32 
Keyboard Data Timing Parameters 2-42 
8042 Command Codes (Qutput Port 64 2-47 


Keyboard Scan Codes 2-50 
Interval Timer Functions 2-54 
Interval Timer Port Assignments 2-55 
Interval Timer Operating Modes 2-56 
Interval Timer Initial Values 2-56 
Initial Interrupt Controller Values 2-60 
Interrupts And Their Priorities 2-61 


2-20. 
Cael. 
C7270. 
2-23. 
2-24, 
2-25. 
2-26. 
2-27. 
2-28. 
2-29. 
2-30. 
2-31. 
2-32. 
2-33. 
2-34. 
2-35. 
2-36. 
2-37. 
2-38. 
2-39. 
2-40. 
2-4). 
2-42. 
2-43. 
2-44, 
2-45. 
2-46. 
2-47. 
2-48. 


M16-, I1016-, SAO, and SBHE- Signal Relationship 2-63 


Expansion Slot Timing Parameters 2-68 
Battery Connector Pinout 2-713 
COMPAQ DESKPRO 286 Version 1 Fuses 2-74 
COMPAQ _PROTABLE 286 and COMPAQ DESKPRO 286 Type 1 Common Jumpers 2-76 
COMPAQ DESKPRO 286 (with Version 2 System Board) Switch SW1 Settings Q-/1/ 
System Board Connections e-//] 
COMPAQ PORTABLE 286 System Board Expansion Slots 2-78 
COMPAQ DESKPRO 286 System Board Expansion Slots 2-78 
Expansion Slot Signals 2-80 
Bus Cycle Status Definition 2-132 
Base Memory Size Switch (SW1) Settings 2-136 
Expansion Memory Size Switch (SW1} Settings 2-136 
Jumper Settings for ROM Sets 1 and 2 2-139 
System Board I/0 Ma 2-140 
DMA_Channels Assigned to the Controllers 2-143 
DMA_Controller Registers 2-145 
Port Address for DMA Channels 2-155 
MC146818 Real-Time Clock Memory Locations 2-158 
Keyboard Data Timing Parameters 2-171 
8042 Command Codes (Output Port 64 2-176 
Keyboard Scan Codes 2-179 
Interval Timer Functions 2-183 
Interval Timer Port Assignments 2-184 
Interval Timer Operating Modes 2-185 
Interval Timer Initial Values 2-189 
Initial Interrupt Controller Values 2-190 
Interrupts and Their Priorities 2-192 


M16-, I016-, SAO, and SBHE- Signal Relationships 2-197 


2-49. 
2-50. 
Z7ol¢ 
2552: 
2-53, 
2-54, 
2=90: 


Sia 
3-2. 


5-10. 
es We 
5= Ee 
5-13. 
5-14. 
5-15; 


Expansion Slot Timing Parameters 2-202 


Battery Connector Pinout 2-204 
System Board Switch SW1l Settings 2-204 
AUTO Jumper (E5) Settings 2-205 
System Board Connections 2-205 
System Board Expansion Slots 2-207 
Expansion Slot Signals 2-205 
Memory Configurations and Corresponding Jumper Settings Version 1 3-5 
Memory Configurations and Corresponding Jumper Settings Version 2 3-6 
Memory Configurations and Corresponding Jumper Settings Version 3 3-6 
Jumper Settings for ROM Sets 1 and 2 - Version 1 System Memory Board 3-11 
Jumper Settings for ROM Sets 1 and 2 - Version 2 and 3 System Memory Board 3-1] 
Memory Configuration and Corresponding Jumper Settings - Version 1 Memory Expansion Board 4-3 
Memory Configuration and Corresponding Jumper Settings - Version 2 Memory Expansion Board 4-4 
Controller Board I/0 Ports 5-5 
Drive Controller Port Addresses 5-7 
NEC765 Registers 5-9 
Programmable Data Transfer Rate 5-10 
Write Precompensation Amounts 5-10 
I/O Ports for Asynchronous Communications 5-11 
I/O Ports For Printer Access 5-17 
Multipurpose Controller Board Jumpers 5-19 
Multipurpose Fixed Disk Controller Board Jumpers 5-22 
Multipurpose Fixed Disk Controller Board Switch Positions (SW1 5-23 
Controller Connectors 5-24 
J701, 9-Pin Serial Connector Signals 5-26 
J502, 25-Pin Parallel Printer Connector Signals 5-26 
J902, Fixed Disk Drive Controller LED Indicators 5-28 


J901, Fixed Disk Drive Controller Host Adapter Connector Signal Descriptions 5-28 


5-16. 
De Lis 
bale 
6-2. 
6-3. 
6-4. 
6-5. 
6-6. 
6-7. 
Tol. 
7-2. 
7-3. 
7-4, 
i-9. 
[>6: 
fh, 
7-8. 
1-9: 
8-1. 
8-2. 
8-3. 


J501, Diskette Drive Controller Signal Connector Descriptions 5-30 


Multipurpose Fixed Disk Controller Signals Used by the Diskette Drives 5-32 
Fixed Disk Drive Controller I/0 Addresses 6-2 


Fixed Disk Drive Controller Commands 6-11 
Fixed Disk Drive Controller Error Codes 6-17 
IDENTIFY Command Parameter Words 6-17 


Configuration Word Bits 6-18 
Ji, Fixed Disk Drive Control Connector Signal Description 6-20 
J2_and J3, Fixed Disk Drive Data Connector Signals 6-22 
Video Display Controller Board J/0 Addresses 7-9 


Initial Values for 6845 Internal Registers 7-10 
Character Codes 7-16 
Jumpers_on the Video Display Controller Board 7-23 
J401, Internal Monitor Connector Signals 1-28 
J402, RF Modulator Connector Sigqnals 7-29 
J403, Composite Video Connector Signals 7-29 
J404, RGBI Video Connector Signals 7-29 
J405, Light Pen Connector Signals 7-30 
Keyboard Specifications for All Keyboards 8-5 
Legent_and Keycap Data for the 84-Key Keyboard 8-9 
system Commands to the Keyboard 8-11 
Keyboard Responses _ to the System 8-15 
COMPAQ Enhanced Keyboard Scan Codes for Mode 1 8019 


Combination Scan Codes for Mode 1 8-22 


COMPAQ Enhanced Keyboard Scan Codes for Mode 2 8-23 


Combination Scan Codes for Mode 2 8-25 


COMPAQ Enhanced Keyboard Scan Codes for Mode 3 8-26 
Additional Commands Supported by the COMPAQ Enhanced Keyboard 8-29 


International Scan Codes 8-30 


8-12. 
a 
Jae. 
93. 
9-4 
9=3:. 
10-1. 
10-2. 


bret. 
bird. 
11-3. 
11-4. 
a ee 
11-6. 
11-7. 
11-8. 
l2=1. 
12-2. 
12-3. 
12-4. 
12-5. 
12-6. 
12-7. 
12-8. 
12-9. 
12-10. 
12-11. 
12-12. 


Keyboard Cable Connector Signals 8-33 
Power Supply Specifications 9-4 
COMPAQ PORTABLE 286 Expansion Bus Slot Power Allocation 9-6 
COMPAQ DESKPRO 286 Expansion Bus Slot Power Allocation 9-6 
12-MHz_ COMPAQ DESKPRO 286 Expansion Bus Slot Power Allocation G-7 
Power Supply Connector to the System Boards 9-8 
Diskette Drive Physical and Electrical Specifications 10-4 
Signals From the Diskette Drive Connector to Multipurpose or Mulitpurpose Fixed Disk Controller 


Board Signals 10-5 


40-Meqabyte and 10-Meqabyte Fixed Disk Drive Backup Physical and Electrical Specifications 12-4 
Fixed Disk Drive Backup Command Summary 12-6 
BUSY- Line Pulses for Status 12-7 


Drive Logic Board to Drive Controller Siqnal Descriptions 12-8 
Tape Track/Sector Sizes 12-10 


Tape Data Format 12-10 


save Set Description Parameters 12-19 
Directory Information 12-21 
Directory Information Parameters 12-22 


12-13. 
12-14. 
12-15. 
12-16. 
12-17. 
12-18. 
12-19. 
12-20. 


13-1. 
13=2. 
13-3. 
13-4. 
13-5. 
14-1. 
14-2. 
14-3. 
14-4, 
14-5. 
14-6. 
14-7. 
14-8, 
14-9, 


14-10. 
14-11. 
14-12. 
14-13. 
14-14, 
14-15. 
14-16. 


File Information 12-23 
File Information Parameters 12-24 


135-MB_ Tape Backup Physical and Electrical Specifications 12-27 
Tape Backup Logic Board to Tape Host Signal Descriptions 12-27 
135-MB Tape Backup Command Summary 12-29 
COMPAQ Tape Host Adapter I/0 Port Description 12-33 
Tape Host Adapter, J80]1 Connector Signal Descriptions 12-37 
Switch Settings for the COMPAQ Host Adapter 12-38 
COMPAQ Dual-Mode Monitor Specifications 13-3 
Monitor Resolution and Frequencies 13-4 
COMPAQ Dual-Mode Monitor Safety Compliances 13-4 
COMPAQ PORTABLE 286 Monitor Signal Connector 13-8 
COMPAQ Dual-Mode Monitor Signal Connector 13-9 
Reset Codes 14-5 
Interrupts Summary 14-10 
Memory Locations for Interrupts 14-11 
RAM Locations Used by the BIOS 14-12 
Processor Interrupts 14-14 
Memory Locations Used by Processor Interrupts 14-14 
Coprocessor Interrupts 14-19 


Memory Locations Used by Coprocessor Interrupts 14-19 
Tick Counter/Real-Time-Clock (RTC) Interrupts 14-22 


Memory Locations Used by Tick Counter/Real-Time-Clock (RTC) Timer Interrupts 14-22 


Function Summary 14-23 
system Interrupts 14-30 
Memory Locations Used by System 14-31 
BIOS Extension Function Summary 14-33 


Device Post Function 14-44 
Device Values 14-45 


14-17. 
14-18. 
14-19. 
14-20. 
14-21. 
14-22. 
14-23. 
14224, 
14-25. 
14-26. 
14-27. 
14-28. 
14-29. 
14-30. 
14-31. 
14-32. 
14-33. 
14-34. 
14-35. 
14-36. 
14-37. 
14-38. 
14-39. 


14-40 
14-41 


14-42. 
14-43. 
14-44, 
14-45. 


System Configuration Table 14-46 
Diskette Drive Interrupts 14-50 


Memory Locations Used by Diskette Drive Interrupts 14-50 
Diskette Drive Status Codes Returned 14-52 


Definition of Error Codes 14-52 
DISKETTE I/O Function Summar 14-53 
Track Format 14-58 
AH Register Values 14-60 
Diskette Drive Parameter Table 14-63 
Printer Interrupts 14-64 
Memory Locations Used by Printer Interrupts 14-65 
Function Summary 14-67 
Return Statuses 14-69 
Asynchronous Communications Interrupts 14-71 
Memory Locations Used by Asynchronous Communications Interrupts 14-71 
COMMUNICATIONS I/0 14-72 
Keyboard Interrupts 14-79 
Memory Locations Used by Keyboard Interrupts 14-80 
Keyboard I/0 Function Summar 14-80 
Fixed Disk Drive Interrupts 14-90 
Memory Locations Used by Fixed Disk Drive Interrupts 14-90 
Fixed Disk Drive Status Codes by AH Function 14-91 
Fixed Disk Drive Status Code Descriptions 14-92 
Function Summary 14-92 
Fixed Disk Drive Parameter Table 14-105 
Video Interrupts 14-107 
Memory Locations Used by Video 14-107 
Cursor Adjustment 14-110 
High Resolution Display Mapping 14-111 


14-46. 
14-47. 
14-48. 
14-49, 
14-50. 
14-31. 


Color Palette Color Values 14-117 
Pixel Color Values 14-118 


Typical Parameters for Various Video Modes 14-124 
Miscellaneous Interrupts 14-126 
Memory Locations Used by Miscellaneous Interrupts 14-127 
Special BIOS ROM Locations 14-129 


Chapter 1 


Z 
‘op 
—_ 
es 
= 
= 
A 
= 
= 
= 


TABLE OF CONTENTS 


CHAPTER 1 
SYSTEM OVERVIEW 


1.8 


1.9 


INTRODUCTION 1-1 
SYSTEM CHARACTERISTICS 1-2 


SYSTEM COMPONENTS FOR 8-MHZ 80286-BASED COMPAQ 


PERSONAL COMPUTERS 1-5 


SYSTEM COMPONENTS FOR 12-MHZ 80286-BASED COMPAQ 


PERSONAL COMPUTERS 1-7 
SYSTEM SPECIFICATIONS 1-9 


SYSTEM INTERCONNECTIONS 1-11 
INTRODUCTION TO THE INTEL 80286 MICROPROCESSOR 1-15 
80286 Software Concepts 1-15 

Real Mode 1-15 
Protected Mode 1-15 

80286 Hardware Concepts 1-15 
SYSTEM FEATURES 1-17 
LED Indicators 1-17 
security Lock 1-17 


Switches 1-17 
Fuses 1-20 


CONNECTIONS 1-21 


Chapter 1 
SYSTEM OVERVIEW 


1.1 INTRODUCTION 


Chapter 1 introduces the COMPAQ PORTABLE 286% and 
COMPAQ DESKPRO 286* Personal Computers. It also 
includes information relating to their entire 
systems, such as: 


w System characteristics 
= System components 

m System specifications 
m System interconnection 


= Introduction to the Intel 80286 Microprocessor, 
including the system memory map and I/0 map 


m System features 


= Connectors 


The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
Personal Computer systems are advanced general- 
purpose computers. Both have the same high 
performance capabilities. The main difference between 
them is that the COMPAQ PORTABLE 286 is portable. 


The COMPAQ DESKPRO 286 has greater memory expansion 
capacity, more board slots, and larger fixed disk 
drive storage capability; requires an external 
monitor; and can operate at 6, 8, or 12 MHz, 
depending on the version of the system board 

instal led. 


Figures 1-1 and 1-2 show the two systems. 
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Figure 1-1. COMPAQ PORTABLE 286 


Figure 1-2. COMPAQ DESKPRO 286 
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1.2 SYSTEM CHARACTERISTICS 


The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
Personal Computers share the following 
characteristics: 


#® An 80286 microprocessor with an 8-MHz variable 
processing speed. 


NOTE: The COMPAQ PORTABLE 286 and the 8-MHz 
COMPAQ DESKPRO 286 have data processing 
speeds which are switchable between 8 MHz and 
6 MHz. The 12-MHz COMPAQ DESKPRO 286 has a 
switchable processing speed of 12 MHz and 
8 MHz. 


= Up to 2.7 Megabytes (COMPAQ PORTABLE 286) or 
8.1 Megabytes (COMPAQ DESKPRO 286) of physical 
memory (using COMPAQ memory option boards). 


= Numerous mass data storage options, including: 

- Diskette drives (5.25-inch 360-Kbyte or 
1.2-Megabyte or 3.5° 1.44-Megabyte) 

- Fixed disk drives (20-, 30-, 40-, 70- or 
130-Megabyte) . 
(20-Megabyte fixed disk drive is the only size 
available for the COMPAQ PORTABLE 286.); 

- Choice of fixed disk drive backup (tape), 
including: 

- 10-Megabyte (COMPAQ PORTABLE 286 and 8-MHz 
COMPAQ DEKSPRO 286) 

- 40-Megabyte (8- and 12-MHz COMPAQ DESKPRO 286). 

- 135-Megabyte (12-MHz COMPAQ DESKPRO 286). 


& Software compatibility with most popular programs 
written for the IBM PC-AT. 


= For the COMPAQ DESKPRO 286, there has been a 
choice of two keyboards: the 101-key (U.S.)/102- 
key (international) COMPAQ Enhanced Keyboard or 
the 84-key keyboard. The COMPAQ PORTABLE 286 uses 
the 84-key keyboard. 


NOTE: If your COMPAQ DESKPRO 286 Personal 
Computer is equipped to operate at 12 MHz, 
the COMPAQ Enhanced Keyboard is the only 
available keyboard. 


a Asynchronous communications (serial) and printer 
(parallel) interfaces. 


™ Choice of three video display controller boards: 
the COMPAQ Video Graphics Controller Board (12-MHz 
COMPAQ DESKPRO 286 only); the COMPAQ Video Display 
Controller Board for graphics and high-resolution 
text; or the Color Graphics board for high- 
resolution graphics. 


= Real-time clock with battery backup. 
® Security lock. 
= Multipurpose controller board. 


= Multipurpose fixed disk drive controller board 
(COMPAQ DESKPRO 286, 12 Mhz only). 


Table 1-1 lists features of the standard models of 
the COMPAQ PORTABLE 286 Personal Computers that 
operate at 8 and 6 Miz. 


Table 1-2 lists features of the 8-MHz and 12-Mhz 
COMPAQ DESKPRO 286 personal computers. 
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Table 1-1. Features of the COMPAQ PORTABLE 286 Personal Computers 
COMPAQ PORTABLE 286 


Features Model 1 Model 2 
80287 Coprocessor Socket Socket 
Base memory size 256 KB 640 KB 
Memory expansion without adding board 640 KB 640 KB 
Maximum memory with (#) expansion boards 2.7 MB(1) 2.7 MB(1) 
360-KB diskette drive Option Option 
1.2-megabyte diskette drive Standard Standard 
10-megabyte fixed disk drive backup (tape) Option Option 
40-megabyte fixed disk drive backup (tape) Option Option 
20-megabyte fixed disk drive (3.5 inch) Option Standard 
Asynchronous interface (9 pin) Standard Standard 
(Printer) interface Standard Standard 
security lock Standard Standard 
Available expansion slots 3 2 


Total expansion slots 5 5 
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Table 1-2. Features of the Various Models of 8 MHz and 12 MHz COMPAQ DESKPRO 286 Personal Computers 
COMPAQ DESKPRO 286 


Features 8 MHz 12 MHz 
80287 Coprocessor Socket Socket (6-MHz) Socket (8-MHz) 
Maximum Base memory size 640 KB 640 KB 
Memory expansion without adding board 2.1 MB 2.1 MB 
Maximum memory with (#) expansion boards 8.1 MB (3) 8.1 MB (3) 
5.25-inch 360-KB diskette drive Supported Supported 
5.25-inch 1.2-megabyte diskette drive Standard Standard 
3.5 in. 1.44-megabyte diskette drive Supported 
10-megabyte fixed disk drive backup (tape) Supported 

40-megabyte fixed disk drive backup (tape) Supported Supported 
135-megabyte fixed disk drive backup (tape) Supported 
30-megabyte fixed disk drive Supported 

70-megabyte fixed disk drive (Note 1) Supported Supported 
130-megabyte diskette drive (Note 2) Supported 
20-megabyte intergrated fixed disk drive Supported Supported 
40-megabyte intergrated fixed disk drive Supported supported 
Asynchronous interface (9 pin) Standard Standard 
Printer interface Standard Standard 
Security lock Standard Standard 
Expansion slots 8 8 


Notes: 1. Requires a multipurpose fixed disk drive controller board. 
2. Requires ESDI controller board. 


1.3 SYSTEM COMPONENTS FOR 
8-MHZ 80286-BASED COMPAQ 
PERSONAL COMPUTERS 


The 8-MHz COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
Personal Computers are general-purpose computers with 
the following major components: 


m System boards with: 

- An Intel 80286 microprocessor 

- A socket for an 80287 coprocessor 

- Expansion slots for mass data storage devices, 
video display controller boards, communication 
ports, and other hardware options 

- Programmable devices, such as DMA circuits, a 
keyboard controller, an interval timer, 
and an interrupt controller 


The functions of the system boards for the two 
computers are similar, but the ROM and RAM for the 
COMPAQ DESKPRO 286 System Board Version 1 are ona 
separate memory board. 


= A multipurpose controller board that supports two 
internal diskette drives and one fixed disk drive 
backup. The asynchronous communications and 
printer interfaces provide for communications with 
parallel or serial printers, modems, and other 
devices. 
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= A dual-mode video display controller board that 
supports the COMPAQ Dual-Mode Monitor and 
compatible monochrome and color (RGBI) monitors 
(optional with the COMPAQ DESKPRO 286). Internal 
color monitors are not available for the COMPAQ 
PORTABLE 286. 


m An optional COMPAQ Enhanced Color Graphics Board 
and COMPAQ Color Monitor. (See the COMPAQ 
Enhanced Color Graphics Board Guide for details.) 


m Mass data storage devices, such as diskette 
drives, fixed disk drives, and fixed disk drive 
backup systems, depending on the model. 


8 A power supply that provides the required voltages 
and current for the system board, keyboard, and 
typical expansion boards, such as video 
controllers and memory expansion boards. 


= A fixed disk drive controller board that supports 
selected fixed disk drive options. 


Figure 1-3 shows the system.functional block diagram, 
which is the same for both systems, operating at 
8 MHz. 
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Figure 1-3. 
Operating at 8 MHz 
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(See Note 2) 


. The system memory is Incorporated on the system board 


for the COMPAQ PORTABLE 286 and the COMPAQ DESKPRO 286 
Version 2 System Board. 


. The power cable connects to the fixed disk drive or 


the fixed disk drive back—up. A second fixed disk drive Is not 
available for the COMPAQ PORTABLE 286. 


System Block Diagram for Both Systems (COMPAQ Portable 286 and COMPAQ DESKPRO 286) 


1.4 SYSTEM COMPONENTS FOR 


12-MHZ 80286-BASED COMPAQ 
PERSONAL COMPUTERS 


The COMPAQ DESKPRO 286 Personal Computer, equipped to 
operate at 12 MHz, has the following major 
components: 


System board with: 

- A 12-MHz 80286 microprocessor 

- A socket for an 8-MHz 80287 coprocessor 

- Expansion slots for mass data storage devices, 
video display controller boards, communications 
ports, and other hardware options. 

- Programmable devices, such as direct memory 
access (DMA) circuits, a keyboard controller, 
an interval timer, and an interrupt controller. 


A multipurpose fixed disk drive controller board 
that supports two internal diskette drives, a 
maximum of two fixed disk drives with integrated 
controllers, and one fixed disk drive backup. The 
asynchronous communications and printer interfaces 
allow communications with parallel or serial 
printers, modems, and other devices. 


An optional dual-mode video display controller 
board that supports COMPAQ Dual-Mode Monitor, 
COMPAQ Color Monitor, and compatible monochrome 
and color (RGBI) monitors. 
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8 An optional COMPAQ Enhanced Color Graphics Board 
and COMPAQ Color Monitor are available. (See the 
COMPAQ Enhanced Color Graphics Board Guide for 
details.) 


e An optional COMPAQ Video Graphics Controller Board 
and optional COMPAQ Video Graphics Color Monitor 
or Video Graphics Monochrome Monitor. 


a Mass data storage devices, such as diskette 
drives, fixed disk drives, and fixed disk drive 
backup systems, depending on the model. 


= A power supply that provides the required voltages 
and current for the system board, keyboard, and 
typical expansion boards. 


= A fixed disk drive controller board that supports 
selected fixed disk drive options. 


Figure 1-4 shows the system functional block diagram 
for the 12-MHz COMPAQ DESKPRO 286 Personal Computer. 
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Figure 1-4. System Block Diagram for the 12-MHz COMPAQ DESKPRO 286 Personal Computer 
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1.5 SYSTEM SPECIFICATIONS 


Tables 1-3 and 1-4 list the system specifications for the COMPAQ PORTABLE 286 and the COMPAQ DESKPRO 286 Personal 
Computers. 


Table 1-3. COMPAQ PORTABLE 286 System Specifications 


System size: Width 20.0 in (508 mm) 
Height 8.5 in (216 m) 
Depth 16.0 in (406 mm) 


Weight: Model 1: 30.3 1b (13.7 kg); Model 2: 33 1b (15.0 kg) 
Air temperature: Operating 50° to 104°F (10 to 40°C) 
Nonoperating 50° to 140°F (10 to 60°C) 
Shipping -22° to 140°F (-30 to 60°C) 
Relative humidity Nonoperating 5% to 90% 
(noncondensing) : Operating 20% to 80% 
Heat output: Varies according to options installed; 1024 BTU/hr (maximum) 
Noise level Varies according to options installed. Nominal sound power levels (A Scale) 
(acoustical): in decibles per ANSI S$1.29-1979 are: 
54 (without Fixed Disk Drive Backup) 59 (with Fixed Disk Drive Backup) 
Shock The values, in G's for 11 ms half-sine, of the levels of shock that the system can 
(Ref. Mil-Std-810C): withstand with no damage are: 
Operating: 5 Nonoperating: 30 
Vibration: Values, in G's, 0 to peak, sinusoidal, 5 to 500 Hz, 1/2 octave per minute, of the levels 
of vibration that the system can withstand with no damage are: 
Operating: 0.25 Nonoperating: 0.50 
AC power required 120 VAC, nominal, with range of 102 to 132 VAC RMS, 3 A maximum, 
(47 to 62 Hz): or 
230 VAC, nominal, with range of 204 to 264 VAC RMS, 2.5 A maximum 
Maximum altitude: Operating 10,000 ft (3 000 m) 
Shipping 30,000 ft (9 000 m) 
Agency compliances: See Chapter 13 for additional monitor specifications. 
120 VAC 220-240 VAC 
UL478 IEC380 
CSA22.2 DIN IEC 380/VDE 806 


FCC Part 15, Class B VDE 871, Class B 
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Table 1-4. COMPAQ DESKPRO 286 System Specifications 


System size: Width 19.8 in (503 mm) 

Height 6.4 in (162 mn) 

Depth 16.5 in (419 mm) 
Weight: Model 1: 37 1b (16.8 kg); Model 20: 42.4 1b (19.1 kg); Model 40: 
Air temperature: Operating 50° to 104°F (10° to 40°C) 

Nonoperating 50° to 140°F (10° to 60°C) 

Shipping -22° to 140°F (-30° to 60°C) 


Relative humidity Nonoperating 5%to 90% 
(noncondensing) : Operating 20%to 80% 


44 |b (20.0 kg) 


Heat output: Varies according to options installed 1229 BTU/hr (maximum) 
Noise level Varies according to options installed. Nominal sound power levels (A Scale) 
(acoustical): in decibles per ANSI $1.29-1979 are: 
53 (without Fixed Disk Drive Backup) 62 (with Fixed Disk Drive Backup) 
Shock The values, in G's for 11 ms half-sine, of the levels of shock that the system can 
(Ref. Mil-Std-810C): withstand with no damage are: 
Operating: 5 Nonoperating: 20 
Vibration: Values, in G's, 0 to peak, sinusoidal, 5 to 500 Hz, 1/2 octave per minute, of the levels 
of vibration that the system can withstand with no damage are: 
Operating: 0.5 Nonoperating: 0.75 


AC power required 120 VAC, nominal, with range of 102 to 132 VAC RMS, 4 A max. (5 A max., 12 MHz Deskpro 286) 
(47 to 62 Hz): or 


230 VAC, nominal, with range of 204 to 264 VAC RMS, 2.5 A max. (4 A max., 12 MHz Deskpro 286) 
Maximum altitude: Operating 10,000 ft (3 000 m) 


Shipping 30,000 ft (9 000 m) 


Agency compliances: See Chapter 13 for additional monitor specifications. 


120 VAC 220-240 VAC 
UL478 TEC380 
CSA22.2 DIN IEC 380/VDE 806 


FCC Part 15, Class B VDE 871, Class B 
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1.6 SYSTEM INTERCONNECTIONS 


This section shows interconnections diagrams for the 
following COMPAQ personal computers: 


= COMPAQ PORTABLE 286 Personal Computer - Figure 1-5 


=m COMPAQ DESKPRO 286 Personal Computer (8-MHz) - 
Figure 1-6 


& COMPAQ DESKPRO 286 Personal Computer (12-MHz) - 
Figure 1-7 
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Figure 1-5. COMPAQ PORTABLE 286 Interconnection Diagram 
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Figure 1-6. COMPAQ DESKPRO 286 (8-MHz) Interconnection Diagram 


hae k Sok ei Re, Ge Ec ete SA as 2 eee | 

5 

° |FIXED DISK 

“rome _ peer Dae, 
5 PoNes JDISKETTE DRIVE | 

5 

leone _ paren DRIVE 3 
5 

POWER COMPAQ MONITOR 
SPEAKER Note: The COMPAQ DESKPRO 286 Version 2 System Board has 


the system memory Incorporated onto the system board. 


1-14 80286-Based Products Technical Reference Guide 


— iame RGBI VIDEO ASYNCHRONOUS COMMUNICATIONS 
COMPOSITE VIDEO AND 12 VDC PARALLEL PRINTER 


COMPOSITE VIDEO DATA AND CONTROL | INTEGRATED 
FIXED DISK DRIVE 


OPTIONAL SECOND 
W INTEGRATED FIXED pf 
DISK DRIVE 


OPTIONAL FIXED 
1 DISK DRIVE D 
BACKUP 


OPTIONAL 
VIDEO DISPLAY 
CONTROLLER 


DATA AND CONTROL 


| 
| 
| 
| 
| 
| 
| 
| 


DATA AND CONTROL 


OPTIONAL MULTIPURPOSE 
DUAL-—SCAN CONTROLLER CARD 
MONITOR 


siaal 
JOISKETTE DRIVE Es 


OPTIONAL 
COMPAQ ENHANCED 
COLOR GRAPHICS 

CONTROLLER 


POWER 


OPTIONAL 
COMPAQ COLOR SYSTEM BOARD Note: The power cable connects to the fixed disk 
MONUOS drive or the fixed disk drive bock—up. 
AC 
POWER 


BATTERY 


OPTIONAL 
COMPAQ VIDEO 
GRAPHICS 

CONTROLLER 


SPEAKER 


KEYBOARD 


OPTIONAL POWER SUPPLY AC POWER 


COMPAQ VIDEO 
GRAPHICS 


SECURITY LOCK 


COLOR OR 
MONOCHROME 
MONITOR 


AC 
POWER 12—MHz System Board 


Figure 1-7. 12-MHz COMPAQ DESKPRO 286 Interconnection Diagram 


1.7 INTRODUCTION TO THE INTEL 
80286 MICROPROCESSOR 


The Intel 80286 is is a 16-bit microprocessor 
compatible with the Intel 8088 and 8086 processors. 
The enhancements include greater speed, multitasking 
and multiuser capabilities, and an on-chip virtual- 
memory management unit. 


80286 Software Concepts 


The 80286 has two modes of operation: the Real mode 
and the Protected mode. 


Real Mode 


In the Real mode, the 80286 operates with the same 

memory limitations as the 8086 processor. That is, 
the 80286 addresses 1 Megabyte of memory using only 
the 20 least-significant bits of the 24-bit address 
bus. 
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Protected Mode 


In Protected mode, the 80286 operates in a virtual- 
memory environment. It uses the full 24-bit address 
bus to directly address as many as 16 megabytes of 
real memory. In the virtual-memory environment, 
programs can specify 1 billion memory locations 

(1 gigabyte). 


A disk operating system capable of virtual-memory 
operation transfers data in blocks so that a 
specified 30-bit virtual-memory location is addressed 
within the 24-bit real memory space. To use this 
mode, an operating system capable of managing the 
Protected mode must be loaded into the system. 


80286 Hardware Concepts 


The 80286 is a 68-pin very-large-scale integrated 
(VLSI) circuit that serves as the central processor. 


The 80286 uses three buses: a 24-bit address bus, a 
16-bit data bus, and a control] bus to communicate 
with and control the rest of the system. 


All devices outside the 80286 are addressed as either 
memory-mapped devices or I/0-mapped devices. The 
M/I0- signal specifies whether a memory-mapped or 
1/0-mapped device or location is being addressed. 
Tables 1-5 and 1-6 list the system memory map and I/0 
map, respectively. 
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Table 1-5. System Memory Map Table 1-6. System 1/0 Ma 
Address Allocated Range(h) Function Addressed 
Range(h) Space Assigned Use (If Any) SYSTEM 000-01F DMA Controller 1 
000000- 640 KB System Board Memory BOARD 020-03F Interrupt Controller 1 
a aT See vote 1) 040-05F Interval Timer (8254-2) 
- - eserve x 
OBFFFF Video Graphics Buffer Area ae ET 
Memory — 
0C0000- 128-KB 1/0 Expansion ROM GSOEUBE, — == SNA Memory Rage Regi Sten 
ODFFFF ROM OA0-OBF Interrupt Controller 2 
0E0000- 64-KB System ROM Set 2 (Optional) OCO-ODF_ DMA Controller 200 
OEFFFF ROM OFO Clear 80287 Coprocessor 
OFO000- 64~-KB System ROM Set 1 OF1 Reset 80287 Coprocessor 
OFFFFF ROM OF8-OFF 80287 Command Ports 
100000- 15-MB Expansion Memory CONTROLLER 170-177 Fixed Disk Drive Controller 2 
FOFFFF RAM BOARDS 1FO-1F7 —“~Fixed Disk Drive Controller 1 
FEQO00- 128-KB Contents are the same 200-207 Game 1/0 
FFFFFF ROM as QEQQ00-OFFFFF (See Note 2) 278-27F Parallel Port 3 
Notes: 1. The COMPAQ DESKPRO 286 System Board OFB-2FF Serial Port 2 (COM2) 
Version 1 base memory is located on the 300-31F Not Used 
COMPAQ DESKPRO 286 System Memory Board. 
The memory for the PORTABLE 286; the 370-377 Multipurpose Drive or 
COMPAQ DESKPRO 286 with System Board Multipurpose Fixed Disk 
Version 2, and the 12-MHz system board Controller 2 
reside on the system memory board. 378-37F _— Parallel Port 2 
2. The system ROM can be addressed within 380-38F Not Used 
either memory space. Memory decoding 3A0-3AF Not Used 
selects the ROM when these addresses are 3B0-3DF Video Display Controller __ 
used. This arrangement is for software 3BC-3BF LPTl 
corse ey paces: 3F0-3F7 Multipurpose Drive or 
Multipurpose Fixed Disk 
Controller 1 
3F8-3FF Serial Port 1 (COM1) 
Note: I/0 address bits A<15..10> are not decoded. 


1.8 SYSTEM FEATURES 


The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 have 
the following external features: 


= Indicators 

# Switches 

m Security Lock 
= Fuses 


= Connectors 


LED Indicators 


Light-emitting diodes (LED) indicators show the 
activity or the state of the system. LED indicators 
are associated with the following devices: 


#® 5.25-inch 1.2-Megabyte diskette drives: two-color 
LED indicator. The light is red during read or 
write operations in the low-density mode (360-KB 
diskettes). The light is green during read or 
write operations in the high-density mode (1.2- 
Megabyte diskettes). The LED is white when no 
access is in progress. 


# 3.5-inch 360-Kbyte diskette drives and fixed disk 
drive backup system: LED indicator that lights 
when the drive is accessed. 
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m 3.5-inch 1.44-Megabyte diskette drives: two-color 
LED indicators. The light is orange during read 
or write operation in a low-density mode (720 
Kbyte diskettes) or in a high-density mode (1.44- 
Megabtye diskette). 


= Fixed disk drive: LED indicator that lights when 
the fixed disk drive is in use. The LED color 
depends on the fixed disk drive type. 


= The keyboard: three LED indicators that show the 
current state of the CAPS LOCK, NUM LOCK, and 
SCROLL LOCK key functions. 


Security Lock 


Each system has a security lock on the front to 
prevent unauthorized use of the computer (also shown 
in Figures 1-7 and 1-8). When the security lock is 
engaged, the computer ignores any input from the 
keyboard. The security lock on the COMPAQ DESKPRO 
286 also locks in place the system unit cover. 


Switches 


Each system has a single AC power switch that turns 
all system power on or off. The COMPAQ PORTABLE 286 
power switch is located on the left side of the 
system near the fan, as shown in Figure 1-9. The 
COMPAQ DESKPRO 286 power switch is located on the 
rear right corner of the system, as shown in 

Figure 1-11. 
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Figure 1-8. COMPAQ PORTABLE 286 Front View Figure 1-9. COMPAQ DESKPRO 286 Front View 


Fuse Holder 


AC Power Switch 


Figure 1-10. 
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COMPAQ Monitor Power 


9—Pin Asynchronous 
Communications Connector 


Fuse Holder 


AC Power Switch RF t4odulator Video Connector 


vi— 


AC Connector Composite Video Connector 
9—Pin RGBI Video Connector 


25—Pin Parallel Printer Connector 


Figure 1-11. COMPAQ DESKPRO 286 Rear View 
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Fuses 
Each system has a fuse on its AC power input for 
system protection. This fuse is in a removable 


housing that also contains a spare fuse, as shown in 
Figures 1-12 and 1-13. 


Spare Fuse 


SYSTEM FUSE 


- on 
SPARE FUSE | 


Figure 1-12. COMPAQ PORTABLE 286 Fuse Holder Figure 1-13. COMPAQ DESKPRO 286 Fuse Holder 
with Spare with Spare 


System Fuse 
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Table 1-7 lists the fuse type required by each 
system. 


Table 1-7. COMPAQ PORTABLE 286 and 
COMPAQ DESKPRO 286 Fuse Types 


COMPAQ COMPAQ COMPAQ 
PORTABLE 286 DESKPRO 286 DESKPRO 286 
(12 MHz) 

U.S. 3 A, 4 A, 5 A, Light Pen Connector (Internal) 

125 VAC 125 VAC 125 VAC eee = 

: in Asynchronous Composite Video Connector 

International 2.5 A, 2.5 A, 4 A, Communications Connector 

250 VAC 250 VAC 250 VAC RF Modulator Video Connector 


25-Pin Parallel Printer Connector 


Figure 1-14. COMPAQ PORTABLE 286 Right Side View 


9-Pin RGBI Video Connector 


1.9 CONNECTIONS 


Each system has several connectors for peripheral 
devices, such as printers, modems, and monitors. 
Refer to Figure 1-11 for the locations of the COMPAQ 
PORTABLE 286 connectors. Refer to Figure 1-14 for 
the locations of the COMPAQ DESKPRO 286 connectors 
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Chapier 2 
SYSTEM BOARDS 


2.1 INTRODUCTION 


This chapter contains a block diagram discussion of 
the theory of operation for COMPAQ® personal 
computers with an 80286 Central Processing Unit (CPU) 
operating at 8- and 12-MHz. This chapter is divided 
into two parts to differentiate between the systems. 
The two parts are: 


m PART 1: SYSTEM BOARDS (8- and 6- MHz Only) 
m PART 2: SYSTEM BOARD (12-MHz Only) 


Both parts of this chapter discuss CPU and CPU 
support circuitry, memory system, programmable 
devices, and expansion bus and bus functions as well 
as subsections discussing miscellaneous board 
information, jumpers, and connectors. 


2] 
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SYSTEM BOARDS (8 AND 6 MHZ ONLY) 


2.2 CPU AND CPU SUPPORT 


The CPU and CPU support circuitry control and monitor 
the system. 


The memory system controls access to and from the 
system Random Access Memory (RAM) and access from the 
system Read-Only Memory (ROM). 


Programmable devices are hardware devices integrated 
on the system board that can be controlled or 
monitored by software. 


The expansion bus and bus functions allow system 
access to hardware options that may be installed in 
the system. Hardware options may include display 
controllers, communications devices, and additional 
memory. 


Also included in this chapter are discussions of: 


= Miscellaneous System Board Information, such as 
fuses and indicators 


= Jumpers 
™ Connectors 


m Schematics 


The 80286 microprocessor uses three busses, the 

24-bit address bus, the 16-bit data bus, and the 
control bus to communicate with and control the 

system. 


All devices outside the 80286 Central Processing 
Unit (CPU) are addressed either as memory-mapped 
devices or [/0-mapped devices. 


The 80286 is reset when power is applied to the 
system board or after pressing the CTRL, ALT, and DEL 
keys simultaneously. After the CPU is reset, it 
addresses the ROM for instructions. The initial boot 
instructions in ROM check the system RAM and ROM for 
errors (checksums), and then initialize the system. 


System initialization, or restart of the system, 
includes loading the programmable devices, such as 
the keyboard controller, the video controller, the 
RAM, and the with the desired starting values. 


After initializing the system, the CPU loads the Disk 
Operating System (DOS) into memory from the diskette 
or fixed disk drive. The DOS is a program that 
manages and provides a consistent programming 
interface to the hardware. 
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Figure 2-1 is a functional block diagram of the 8- and 6-MHz system boards. 
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Figure 2-2 shows a functional block diagram of the CPU and CPU support circuitry. 
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Figure 2-2. CPU and CPU Support Circuitry Block Diagram 
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Clock Generator and Ready Interface 


The Clock Generator and READY Interface receives an 
input clock signal from an oscillator circuit and 
generates the clock signal for the 80286 CPU, the 
80287 coprocessor, and the system control circuitry. 
The Clock Generator and READY Interface also monitors 
the power good (PWRGOOD) signal from the system power 
supply to control the system reset functions. 


System Control Circuitry 


The system control circuitry decodes the status 
signals SO, S1, and M/IO- (and other inputs such as 
CEN/AEN, READY-, et. al.) to control the system bus. 


Table 2-1 shows the bus cycle status definition for 
the status signals. 


Table 2-1. Bus Cycle Status Definition 


M/IO- § S2__Type of Bus Cycle 


1 
0 0 Q Interrupt Acknowledge 
1/0 Read (Ports) 


0 1 

1 0 I/0 Write (Ports) 
1 1 None: Idle 

0 Q Halt or Shutdown 
0 1 Memory Read 

l Q Memory Write 

] 1 None: Idle 


miei |r lololo 


80287 Math Coprocessor (Optional) 


The 80287 Math Coprocessor is a high-performance 
numeric processor extension of the 80286, adding 
floating point, extended integer, and BCD data-type 
support. 


The 80287 automatically executes all numeric 
instructions as they are encountered. The 80287 
responds to particular I/0 addresses (O0F8h, OOFAh, 
and OOFCh) that are automatically generated by the 
80286. 


The ERROR- signal of the 80287 is connected to IRQ13 
(INT 75h). The BIOS interrupt handler for INT 75h 
routes this interrupt to INT 02h, which is the actual 
routine for coprocessor exceptions. This method is 
used to provide compatibility with 8088/8086 
coprocessor exceptions and to prevent interference 
with the video I/O interrupt, INT 10h. 


A socket is provided on the system boards for the 
80287. A unique feature of the coprocessor is the 
ability to run at 4.0 or 5.33 Mhz. 


Clock Function 


The COMPAQ 80286-Based Personal Computer products 
offer the choice of an 8MHz system clock for superior 
processing speed, or a 6MHz system clock to maintain 
compatibility with slower systems. 


General Timing Information 


The CPU status signals (SO, $1, and M/I0O) are decoded 
by the CPU support circuitry to produce the command 
strobes used by the rest of the system (ALE, IOWC, 
IORC, MWIC, and MRODC). 


2.3 MEMORY SYSTEM 
Memory Address Decoding 


The 80286 uses addresses <A23...A0> and control line 
M/1I0- to specify memory locations. The address and 
control lines are decoded to specify memory areas for 
the system RAM and ROM. 


Expansion boards such as memory, disk, or video must 
have their own devices to decode the 1/0 or memory 
space for that board. 


Figure 2-3 shows a simplified block diagram of memory 
address decoding for the system board. 
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The memory decoder uses the REFRESH-, MRDC-, 
MWTC-, BALE, and LA23 to LAl7 address lines to 
generate the MEM16-, RAM-, ROM-, RAS-, and CAS- 
signals. 


COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
(with System Board Version 2) System Bus 
or 


COMPAQ DESKPRO 286 
(with System Board Version 1) Expansion Bus 
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mie 
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Figure 2-3. Memory Address Decoding Simplified 


Block Diagram 
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The 16-bit 80286 microprocessor (CPU) can read data 
from memory as bytes (8 bits), or words (16 bits). 
When a word on an an even boundary is read, an even 
numbered address is given by the CPU, and that 
address and the one above it are simultaneously read 
(Figure 2-4). 


Two CPU cycles are required to read a word on an odd 
boundary. The next-lower even-numbered address is 
first given by the CPU, and the high-order byte of 
that location becomes the low-order 8 bits of the 
word. Then, the next-higher even-numbered address is 
given by the CPU, and the low-order byte of that 
location becomes the high-order 8 bits of the word. 


Odd—numbered, 
High-—order Byte 


Even—numbered, 
Low—order Byte 


Byte FFFFh (64K) | Byte FFFEh (64K-1) 


Byte 0002h 
Byte 0000h 


Byte 0003h 
Byte 000th 


Figure 2-4. A 16-Bit Word Divided into Two Bytes 


Memory Support 


Dynamic memory chips (RAM) require support 

circuitry to: 

m Control the chips, using the CAS-, RAS-, and WR- 
signals 


= Multiplex the address lines into the RAM 
=» Buffer the data lines 


= Refresh the memory cells 


The delay line generates the ENDRAS and STARTCAS 
signals and the signals that control the address 
multiplexing. 


Two AM2966 chips buffer the address lines, and 
sequentially present the high- and low-order address 
lines to the RAM. The delay line controls the timing 
for this multiplexing operation. 


Two 74LS245 chips buffer the data between the RAM and 
the data bus. 


Memory refresh is accomplished by discrete circuitry. 
During memory refresh, every cell of every memory 
location is recharged. 


COMPAQ PORTABLE 286 Memory 
System 


The COMPAQ PORTABLE 286 system board has two banks 
for RAM (Bank 0 and Bank 1), two 16K x 8bit system 
ROMs, and two sockets for additional ROM. A bank of 
memory consists of 18 RAM devices located jin two rows 
of 9. 


COMPAQ PORTABLE 286 RAM 


The COMPAQ PORTABLE 286 system board comes with 

128 KB of RAM soldered in the first bank (Bank 0). 
The second bank (Bank 1) is socketed so that either 
64K x 1l-bit or 256K x 1-bit RAMs can be used. 


Installing eighteen 64K x 1-bit RAMs in Bank 1 
increases the total system board memory to 256 KB. 
Installing eighteen 256K x 1-bit RAMs in Bank 1 
increases the memory to the maximum size of 640 KB. 


If the COMPAQ PORTABLE 286 is purchased with 

64K x 1-bit RAMs in Bank 1, then the jumper 'MS' is 
installed between pins 1 and 2 (Total RAM = 256KB). 
If 256K x 1-bit chips are used to replace the 

64K x 1l-bit chips in Bank 1, then move the jumper 
'MS' to pins 2 and 3 (Total RAM = 640 KB). 


If the COMPAQ PORTABLE 286 is purchased with 
256K x lbit RAMs in Bank 1, then the jumper ‘MS' is 
installed between pins 2 and 3 (Total RAM = 640 KB). 
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In this model, a different decoding device (MEMPAL) 
is used, and when the jumper ‘MS’ is set between pins 
1 and 2 the system disables the upper 128 KB of 
memory, reducing the total addressable RAM to 512 KB. 
This option is for use with certain software packages 
that will not run with more than 512 KB of system 
RAM. 


The system board uses approved 64K x 1-bit or 

256K x 1-bit dynamic RAM devices with a response time 
of 150 ns or faster. (CAS access time must be 75 ns 
or faster.) 


There are four possible memory configurations for the 
memory on the COMPAQ PORTABLE 286 system board: 


1. 0-256 Kbytes using 64K x 1-bit dynamic RAMS 
(STANDARD Model 1). 


2. 0-640 Kbytes by adding 256K x 1l-bit dynamic RAMs 
to the Model 1. 


3. 0-512 Kbytes using 256K x 1-bit dynamic RAMs, with 
Bank 0 disabled. 


4. 0-640 Kbytes using 256K x 1-bit dynamic RAMs with 
all the memory enabled (STANDARD Model 2). 


In every configuration, the lowest 128 KB of RAM is 
permanently installed (soldered in) as Bank 0. 


Figure 2-5 shows the relationship between the memory 
map and the installed RAM. 
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Configuration __1 2 ‘) 4 
MEMPAL 102760-—001 102760—001 105045-—001 105045—001 
Jumper E1—E2 E1—E2 E2=E3 E2—E35 
Total hemery Setting E5—E6 E4—E5 E5—E6 E4—-E5 
Memory Range 
00Q0000h ae | 
128 KB : 
O1FFFFh 
020000h 
256 KB : 
O3SFFFFh 
O60000h 
512 KB : 
O7FFFFh 
080000h 
640 KB : 
OSFFFFh 


Notes: 1. Configurations 2 and 4 are identical except for the MEMPAL type used. 
2. For configuration 3, Bank O remains physically installed, but disabled. 
For this configuration only, address OO00000h begins in Bank 1. 


Figure 2-5. COMPAQ PORTABLE 286 Memory Configurations 


COMPAQ PORTABLE 286 ROM 


The COMPAQ PORTABLE 286 system board has four 28-pin 
sockets for ROM (or EPROM). The ROM sockets are 
addressed as two pairs, each 16 bits wide. The ROM 
pairs are designated ROM Set 1 (always present and 
including address OFFFFOh or FFFFFOh) and ROM Set 2 


(located in the address space 64 KB below ROM Set 1). 


ROM Set 1 contains the BIOS that initializes and 
controls the system. Installed in the ROM Set 1 
sockets are 16K x 8-bit devices, one containing all 
even bytes and the other containing all odd bytes. 
The ROM Set 2 sockets are empty and provide for 
future enhancement. 


ROMs can be, by pairs, either 8K, 16K, or 

32K x 8-bit in size and may be either static and 
dynamic. Table 2-2 lists the jumper settings and 
resulting configuration for each type of ROM device. 
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Table 2-2. Jumper Settings for System ROMs 
ROM Set 1 

Jumper Settings ROM Type 
E13-E14 E10-E11 E16-E17 8Kx8, Static ROM, 250 ns 
E14-E15 £10-E11 €16-E17 16Kx8, Static ROM, 250 ns 
E13-E14 €11-E£12 E16-E17 Invalid 
E14-E15 €11-E£12 E16-E17 32Kx8, Static ROM, 250 ns 
E13-E14 E10-E11 £17-E18 8Kx8, Dynamic ROM, 150 ns 
E14-E15 €10-E£11 E17-£18 16Kx8, Dynamic ROM, 150 ns 
F13-E£14 Ei’l-£12 £17-E18 Invalid 
E14-E15 E11-E12 €17-E18 32Kx8, Dynamic ROM, 150 ns 
ROM Set 

Jumper Settings ROM Type 
E7-E8 E4-E5 E19-E20 8Kx8, Static ROM, 250 ns 
E8-E9 E4-E5 E19-E20 16Kx8, Static ROM, 250 ns 
E7-E8 E5-E6 E19-E20 Invalid 
E8-E9 E5-E6 E19-E20 32Kx8, Static ROM, 250 ns 
E7-E8 E4-E5 E20-E21 8Kx8, Dynamic ROM, 150 ns 
E8-E9 E4-E5 E20-E21 16Kx8, Dynamic ROM, 150 ns 
E7-E8 E5-E6 E20-E21 Invalid 
E8-E9 E5-E6 E20-E21 32Kx8, Dynamic ROM, 150 ns 
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There are no jumper headers or plugs; the jumpers are 
etched on the solder side of the board in the 
following configurations: 


ROM Set 1: 16K x 8-bit Static ROM (E14-E15, E10-E11, 
E16-E17) 


ROM Set 2: 32K x 8-bit Dynamic ROM (E8-E9, E5-E6, 
E20-E21) 


Changing the jumper settings requires cutting the 
conductors on the bottom side of the board to 
disconnect any unwanted jumpers, and soldering 
wire(s) to connect the jumpers as desired. 


NOTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 


SYSTEM ROM Set 1 occupies the 64 KB space at address 
OFO000h through OFFFFFh and identically at address 
FFO000h through FFFFFFh. SYSTEM ROM Set 2 occupies 
the 64 KB space at address 0E0000h through OEFFFFh 
and identically at address FE0000h through FEFFFFh. 


When 32K x 8-bit devices are used, the pair of ROMs 
fill the entire 64KB address space. When 16K x 8-bit 
devices are used, the most significant address bit is 
not decoded, so the ROMs are double mapped into two 
identical 32 KB sections of the 64 KB address space. 


Similarly, when 8K x 8-bit devices are used, the two 
most significant address bits are not decoded, so the 
ROMs are mapped into four identical 16 KB sections of 
the 64 KB address space. 


The system tests for the memory size as part of the 
Power-On Self-Test and compares this value with 
configuration memory. Errors detected cause the 
system to enter the SETUP program, if the diagnostic 
diskette or another diskette containing SETUP is 
installed. 


COMPAQ DESKPRO 286 Memory 
System 


The COMPAQ DESKPRO 286 Version 1 memory ROM and RAM 
are provided on a separate adapter board. See 
Chapter 3, “COMPAQ DESKPRO 286 System Memory Board” 
for more information. 


The COMPAQ Deskpro 286 Version 2 system board has 
five banks for RAM, two 16K x 8-bit system ROMS, and 
two sockets for additional ROM. 
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COMPAQ DESKPRO 286 RAM 


The COMPAQ DESKPRO 286 Version 2 System Board has 
128 KB of RAM soldered in the first bank (Bank 0). 
The four remaining banks (Banks 1 through 4) are 
socketed so that either 64K x 1-bit or 256K x l-bit 
RAMS may be used. Memory must be expanded in full- 
bank increments (18 RAM chips) in contiguous and 
ascending order, using the same RAM type (64K or 
256K). 


SW1 position 1 indicates the type of RAM in banks 1 
through 4. When banks 1 through 4 are filled with 
64K x 1-bit RAMS, SW1 position 1 must be CLOSED. 
When banks 1 through 4 are filled with 256K x 1i-bit 
RAMS, SW1 position 1 must be OPEN. 


NOTE: When SW1 position 1 is closed, positions 4 
and 5 must both be open. 


SWi positions 2 and 3 limit the amount of base memory 
on the system board so that conflicts with expansion 
memory boards can be avoided. These two switches 
limit memory as shown in Table 2-3 regardless of the 
type of RAM in banks 1 through 4. 
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Table 2-3. Base Memory Size Switch Settings SW1 positions 4 and 5 enable/disable banks 2 through 
SW1 SWl (1) Total 4. These switches should be used to limit the amount 
Position 2. Position 3. Base Memory Address Range of expansion memory on the system board when 256K x 
CLOSED CLOSED Disabled RAM and ROM 1-bit RAMS are used to fill banks 1 through 4. 
on System Board (See Table 2-4). 
CLOSED OPEN 256k 0-256 KB 
OPEN CLOSED 512k 0-512 KB Table 2-4. Expansion Memory Size Switch Settings 
OPEN OPEN 640k 0-640 KB (1) Total 


SW1 SW1 Banks Expansion Address 


Notes: 1. Total Base Memory indicates maximum 
Pos 4. Pos 5 Enabled Memory Range 


addressable base memory on the system 


board regardless of amount of RAM CLOSED CLOSED none none 

installed. CLOSED OPEN 2 512K 1.0-1.5 MB 
2. CLOSED = ON OPEN CLOSED 2&3 1024K 1.0-2.0 MB 

OPEN = OFF OPEN OPEN 2,3,84  1536K 1.0-2.5 MB 


Notes: 1. Total Expansion Memory indicates maximum 
addressable expansion memory on the system 
board regardless of amount of RAM 
installed. 

2. SWl positions 4 and 5 should both be OPEN 
when 64K x 1-bit RAMS are used to fill 
banks 1 through 4 to ensure that SW1 
positions 2 and 3 operate correctly. 

3. CLOSED = ON 
OPEN = OFF 


System Boards (8- and 6- MHz Only) 


2-15 


Banks 1-4 Banks 1-4 
filled with filled with 
64K x 1 RAMS 256K x 1 RAMS 
Total Memory 
Memory Range 
000000h 
128 KB 
O1FFFFh 
020000h 
256 KB ‘ 
OSFFFFh 
Use SWI positions 2 and 3 
040000h to disable RAM in this 
384 KB : address space, 
OSFFFFh 
060000h 
512 KB : 
O7FFFFh 
080000h 
640 KB : 
O9SFFFFh 
aoe This memory space is reserved for ROMS and 
OFFFFFh memory—mapped boards, such as video display controllers. 
100000h 
1152 KB : 
17FFFFh 
180000h Use SW1 positions 4 and 5 
1664 KB : to disable RAM in this 
1FFFFFh address space. 
200000h 
2176 KB : 
27FFFFh 


Figure 2-6. 


COMPAQ DESKPRO 286 Version 2 System Board Memory Configurations 
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The system board uses COMPAQ-approved 64K x 1-bit or 
256K x 1-bit dynamic RAM devices with a response time 
of 150 ns or faster. (CAS access time must be 75 ns 
or faster.) 


COMPAQ DESKPRO 286 Version 2 
System Board ROM 


The COMPAQ DESKPRO Version 2 System Board has four 
28-pin sockets for ROM or EPROM. The ROM sockets are 
addressed as two pairs, each 16 bits wide and 
designated as ROM Set 1 (always present and including 
address OFFFFOh or FFFFFOh) and system ROM SET 2 
(located in the address space 64 KB below ROM Set 1). 


ROM Set 1 controls the initial system operation 
(resetting and initializing the system). This code 
is known as the BIOS (Basic Input Output System). 
Installed in the two ROM Set 1 sockets are 

16K x 8-Bit devices, one containing all even bytes 
and the other containing al] odd bytes. The two ROM 
Set 2 sockets are empty and are provided for future 
expansion. 


ROMs can be, by pairs, either 8K, 16K, or 32K x 8 
bits in size and can be either static or dynamic. 

ROM Set 1 occupies the 64KB space at address OF0000h 
through OFFFFFh and identically at address FFQ000h 
through FFFFFFh. ROM Set 2 occupies the 64 KB space 
at address OE0000h through OEFFFFh and identically at 
address FEQ000h through FEFFFFh. 


When 32K X 8-bit ROMs are used, the pair of ROMs fill 
the entire 64 KB address space. When 16K x 8-bit 
ROMs are used, the most-significant address bit is 
not decoded, so the ROMs are double-mapped into two 
identical 32 KB sections of the 64 KB address space. 


Similarly, when 8K x 8-bit ROMs are used, the two 
most- significant address bits are not decoded, so 
the ROMs are quadruple-mapped into four identical 16 
KB sections of the 64 KB address space. 


Jumpers 


Two jumpers (El and E2) are provided to enable use of 
a variety of types of ROM for special] applications. 


Table 2-5 shows the jumper settings and resulting 
configuration for each type of ROM. 


Table 2-5. Jumper Settings for ROM Sets 1 and 2 


ROM Set 1 = El 
ROM Set 2 = E2 


Jumper Settings ROM Type 

7-8 8K x 8, Static ROM, 250 ns 

7-8 16k x 8, Static ROM, 250 ns 

7-8 Invalid 

7-8 32k x 8, Static ROM, 250 ns 

8-9 8k x 8, Dynamic ROM, 150 ns 
8-9 
8-9 
8-9 


NS Jf [ROR [Po | [Role 
] 
OO TRS [G9 1 RO] GO FRO [CO] PRO 


16k x 8, Dynamic ROM, 150 ns 
Invalid 
32k x 8, Dynamic ROM, 150 ns 


br Rid Ga aah BR clr lr lV 
|] Ot] O11} Oo ;}On| 


There are no jumper headers installed. The jumpers 
are etched on the solder side (bottom) of the board 
in the following configurations: 


ROM Set 1:16K x 8-bit Static ROM (El: 2-3, 4-5, 7-8) 
ROM Set 2:32K x 8-bit Dynamic ROM (E2: 2-3, 5-6, 8-9) 
Changing the jumper settings requires cutting the 
conductor on the solder side (bottom) of the board to 


disconnect any unwanted jumpers, then soldering 
wire(s) to jumpers as desired. 


NOTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 
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2.4 PROGRAMMABLE DEVICES 

The system BIOS controls the following system board 
programmable devices: 

= Direct Memory Access (DMA) Controllers 

= DMA Memory Page Register 

= Real-Time Clock and Configuration Memory 

™ Keyboard Controller 


= Interval Timer 


= Interrupt Priority Encoder 


These devices are al] 1/0 mapped. Commands and 
opcodes are directed to the appropriate device by the 
I/0 Port Decoding circuitry. Table 2-6 summarizes 
the port addresses used by the devices on the system 
board. 
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Table 2-6. System Board I/0 Map 
Address Bits 


Port 98 7654 3210 Device 

00h..0Fh 00 000x YY YY 8237A-5 Byte DMA Controller 
20h..2lh 00 001x xxx Y  8259A Interrupt Controller 1 
40h 00 010x xx00 8254-2 System Clock (Timer 0) 
4lh 00 010x xx0O1 8254-2 Refresh Request (Timer 1) 
42h 00 010x xxi10 8254-2 Speaker Tone (Timer 2) 
43h 00 010x xx 11 = °#£48254-2 Command Mode Register 
60h 00 0110 x0x0O 8042 Date I/0 Register 

61h 00 0110 xxx 1 Port B/C Input/Outputs 

64h 00 0110 xix0Q 8042 Status/Command Register 
70h 000111 xxx0_- RTC Address Register (bits <5..0>) 
70h 00 0111 xxx 0 NMI Enable Register (bit <7>) 
71h 00 0111 xxx1~_- RTC Data I/0 Register 

80h 00 100x 0000 _ OMA Page Register Spare 

81h 00 100x 0001 _ £4ODMA Page Register CH 2 Page 
82h 00 100x 0010 _ £4ODMA Page Register CH 3 Page 
83h 00 100x 00141 - £DMA Page Register CH 1 Page 
84h 00 100x 0100 _~ DMA Page Register Spare 

85h 00 100x O10 1 _ DMA Page Register Spare 

86h 00 100x O11 0 _— DMA Page Register Spare 

87h 00 100x O11 1  £ODMA Page Register CH 0 Page 
88h 00 100x 1000 _ DMA Page Register Spare 


(Continued) 


a eee 
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Table 2-6. (Continued) 
Address Bits 


Port 98 7654 3210 _ Device 
89h 00 100x 1001 _ OMA Page Register CH 6 Page 
8Ah 00 100x #1010 £4DMA Page Register CH 7 Page 
8Bh 00 100x 1011 + #£42DMA Page Register CH 5 Page 
8Ch 00 100x #14100 _- £4ODMA Page Register Spare 
8Dh 00 100x 1101 _ DMA Page Register Spare 
8Eh 00 100x #1110 _ OMA Page Register Spare 
8Fh 00 100x 141141 #42ODMA Page Register Refresh Page 
AOh..Alh 00 101x xxx Y  8259A Interrupt Controller 2 
COh..cFh 00 110/Y YY Yx  8237A-5 Word DMA Controller 
FOh 00 111x Oxx 0 Clear Math Processor Busy 
Flh 00 111x OQxx 1 Reset Math Processor 
F8h..FFh 00 11141 #21 YY x 80287 Command Ports 
Notes: 1. x = Don't care. The value of these bits does not affect 
the I/0 address decoding. 
2. Y = Register dependent. 
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I/O Port Decoding 


The 80286 uses address (A<15...0>) and control lines 
(M/10-) to specify I/0 operations. Although the 
80286 uses 16 bits for an I/0 address, the system 
board and expansion boards use only 10 bits 
(A<9...0>), therefore I/0 space is limited to 3FFh. 
The address and control lines are decoded to specify 
I/O and addresses for the system board I/0-mapped 
devices (DMA controllers, real-time clock, interval 
timer, etc.). 


Expansion boards such as memory, disk, and video must 
have their own devices to decode the I/0-mapped 
devices for that board. Figure 2-7 shows a 
simplified block diagram of I/0 port decoding for the 
system board. 


Control 
80286] Bus 
CPU 


Address 
Bus 


Figure 2-7. 


Bus 
Controller 
Control 
Bus 
DMA Controllers 
DMA Memory 
Page Register 
Interval Timer 
1/0 
Decoder Keyboard Controller 


Interrupt Priority 
Encoders 


Real—Time Clock and 
Configuration Memory 


Controller Boards 


I/0 Address Decoding Simplified 
Block Diagram 


Direct Memory Access Controller 


Direct Memory Access (DMA) is a method of directly 
accessing memory without involving the CPU. DMA is 
normally used to transfer blocks of data to or from 
an I/0 device. DMA reduces the amount of CPU 
interactions with memory, freeing the CPU for other 
processing tasks. 


The system board uses two Intel 8237 DMA controllers, 
with four bidirectional data channels each. The DMA 
controllers operate at half the system clock rate 

(8 MHz/2 or 4 MHz/2). Table 2-7 lists the function 
assigned to each DMA channel. 


Table 2-7. DMA Channels Assigned to the Controllers 
Controller 1 (Byte Transfers) 


Channel Function 

0 spare 

1 SDLC (Communications) 

2 Diskette Data Transfers 
3 spare 

Controller 2 (Word Transfers) 
Channel Function 

4 Cascade for Controller 1 
5 Spare 

6 spare 

/ Spare 
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The DMA controllers hold (or define) only 16 bits of 
the 24-bit address. The other 8 address bits are 
contained in the DMA Memory Page Register (74LS612) 
or MAP Gate Array. See the "DMA Memory Page 
Register’ section for more information. 


DMA Controller 1 is used for byte (8-bit) data 
transfers (Figure 2-8). DMA Controller 2 is used for 
word (16-bit) data transfers. Unlike the CPU, DMA 
Controller 2 can only transfer words on an even 
boundary. 


24—-Bit Address — Controller 1 — Byte Transfers 


Page Register DMA Controller 


8 Bits 16 Bits 


A23<——> Al16 AVS 2A 


23—Bit Address — Controller 2 — Word Transfers 


Page Register DMA Controller 
7 Bits 16 Bits 


A23<—— Al7 A16. <P Al 


Figure 2-8. Memory Address Derived from Page 


Register and DMA Register Contents 
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Al6 from the DMA memory page register is disabled 
when DMA Controller 2 is selected. AO is not 
connected to DMA Controller 2. AQ is always 0 when 
word-length transfers are selected. This arrangement 
(not connecting AO) means that the size of the block 
of data that can be moved or addressed is measured in 
16-bit words, rather than 8-bit bytes. 


Since the DMA controllers only contain 16 bits of the 
24-bit address, they can only move blocks of data 
within their ability to address that data. 

DMA Controller 1 can move up to 64K bytes of data. 
DMA Controller 2 can move up to 64K words, or 128K 
bytes of data. 


The DMA controllers are complex devices with several 
registers for commands and status. Table 2-8 shows 
the I/0-map and the commands and formats of the 
registers. 


Transferring Data from I/O Devices 
to Memory 


DMA controllers and I/0 devices use the DRQx and DAKx 
signals as ‘handshaking’. When an I/O device has a 
byte or word of data to send, the I/0 device makes 
its DRQx line active. When the DAKx line from the 
DMA controller goes active, the device puts its data 
on the data bus. 


Transferring Data from Memory to 
Memory 


The hardware does not support memory-to-memory block 
transfers. 


NOTE: After power-on, it is recommended that all 
command, mode, and mask registers be loaded 
with valid values to ensure proper operation 
of the device. 


Table 2-8. DMA Controller Registers 


Register Function 

Status 

Command 

Mode 

Write Single Mask Bit 

Write All Mask Bits 

Software DRQx Request 

Base And Current Address - CH 0 

Current Address - CH 0 

Base & Current Word Count - CH 0 
Current Word Count - CH 0 

Base And Current Address - CH 1 

Current Address - CH 1 

Base & Current Word Count - CH 1 
Current Word Count - CH 1 

Base And Current Address - CH 2 

Current Address - CH 2 

Base & Current Word Count - CH 2 
Current Word Count - CH 2 

Base And Current Address - CH 3 

Current Address - CH 3 

Base & Current Word Count - CH 3 


Note: See "RESET POINTER FLIP-FLOP’ for an explanation of 16-bit data transfers to the DMA controllers. 
(Continued) 


16 
16 


Port Addresses 


Cntlr 1 
08h 
08h 
OBh 
OAh 
OFh 
09h 
00h 
00h 
Olh 
Olh 
02h 
02h 
03h 
03h 
04h 
04h 
O5h 
O5h 
06h 
06h 
07h 


Cntlr 2 
DOh 
DOh 
D6h 
D4h 
DEh 
D2h 
COh 
COh 
C2h 
C2h 
C4h 
C4h 
C6h 
C6h 
C8h 
C8h 
CAh 
CAh 
CCh 
CCh 
CEh 


Read/Write 
Read 
Write 
Write 
Write 
Write 
Write 
Write 
Read 
Write 
Read 
Write 
Read 
Write 
Read 
Write 
Read 
Write 
Read 
Write 
Read 
Write 
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Table 2-8. (Continued) 
Port Addresses 


Register Function Bits Cntr] 1 Cntri 2. Read/Write 
Current Word Count - CH 3 16 07h CEh Read 
Temporary 16 ODh DAh Read 
Reset Pointer Flip-flop (Note 1) OCh D8h Write 
Master Reset (Note 1) ODh DAh Write 
Reset Mask Register (Note 1)  OEh DCh Write 


Notes: 1. This is not a register, but a direct command to the DMA Controller. 


2. See "RESET POINTER FLIP-FLOP” for an explanation of 16-bit data transfers to the DMA controllers. 


STATUS 


The Status register bits are set (= 1) to indicate 
that a channel has requested DMA access or that a DMA 


process is complete. 


BIT 
76543210 


E 


1= CH 
l= CH 
l= CH 


0 


DMA process complete 
DMA process complete 
DMA process complete 
DMA process complete 
DMA request 
DMA request 
DMA request 


DMA request 
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COMMAND 


oe 


The command register bits control the DMA operation. 
All bits are reset (=0) by the master clear 
instruction or a system reset. This register must be 
programmed to 00 for proper system operation. 


BIT 
76543210 


— © 


— © x<RE © 
ou 


<r © 


— © 


ok © 


now oul 


— © 


tom ou 


Memory-to-memory disable 
Memory-to-memory enable 


CH 0 address hold disable 
CH 0 address hold enable 
If bit 0 = 0 


Controller Enable 
Controller Disable 


Normal timing 
Compress timing 
If bit 0=1 


Fixed priority 
Rotating priority 


Late write selection 
Extended write selection 
Lf bit] 1 


DRQx sense active high 
DRQx sense active low 


DAKx sense active low 
DAKx sense active high 
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MODE 


Each channel has a 6-bit register associated with it. 


The first two bits of the byte written to this 
register specify which channel is being selected. 
These registers specify the operating mode for each 
channel. 


BIT 
76543210 

Ll 99 = Select CH 0 
01 = Select CH 1 
10 = Select CH 2 
11 = Select CH 3 
00 = Verify transfer 
01 = Write transfer 
10 = Read transfer 
11 = I) legal 
XX = If bits <7..6> = 11 
0 = Autoinitialization Disable 
1 = Autoinitialization Enable 
0 = Address increment selected 
1 = Address decrement selected 
00 = Demand mode select 
01 = Single mode select 
10 = Block mode select 
11 = Cascade mode select 


If the BLOCK or DEMAND mode is selected for a 
channel, the total transfer time must not exceed 
15 us or RAM will not be properly refreshed. 


WRITE SINGLE MASK BIT 


This command sets (=1) or resets (=0) a single mask 
bit. When a mask bit is set, that channel's DRQx is 
disabled. The "WRITE ALL MASK BITS" command can set 
or reset all the mask bits. 


BIT 
76543210 

Li 00 = Select CH 0 mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 
0 = Reset mask bit 
1 = Set mask bit 


00000 (Reserved) 


WRITE ALL MASK BITS 


This command sets (=1) or resets (=0) all the mask 
bits. When a bit is set, that channel's DRQx is 
disabled. The “WRITE SINGLE MASK BIT" command can 
set or reset a single mask bit. 


BIT 
76543210 

Lo = Reset CH 0 mask bit 
1 = Set CH O mask bit 
0 = Reset CH 1 mask bit 
1 = Set CH 1 mask bit 
O = Reset CH 2 mask bit 
1 = Set CH 2 mask bit 
0 = Reset CH 3 mask bit 
1 = Set CH 3 mask bit 


0000 (Reserved) 
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SOFTWARE DRQx REQUEST 


The DMA controller can respond to software requests 
for DMA as well as hardware requests from DRQx lines. 
The channel must be in the block mode, and the 
appropriate registers (base addresses and so forth) 
must be set before initiating this request. 


BIT 
76543210 
00 = Select CH 0 mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 


0 = Reset request bit 
1 = Set request bit 


00000 (Reserved) 
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BASE AND CURRENT ADDRESS - CHANNELS 0-3 


These 16-bit registers specify the starting 
destination address for the memory transfer. This is 
a write-only register. The 16-bit contents are 
loaded into these registers as a two-part operation. 
The first write to this register loads the eight 
least-significant bits. The second consecutive write 
loads the eight most-significant bits. See the 
"RESET POINTER FLIP-FLOP" command. 


CURRENT ADDRESS CHANNELS 0-3 


These 16-bit registers specify either the current 
address, or the destination address for the next data 
transfer. This address is the same as the base 
address, plus address increments or decrements made 
after each data transfer. These are read-only 
registers. The 16-bit contents are read from these 
registers as a two-part operation. The first read 
from this register returns the eight least- 
significant bits. The second consecutive read 
returns the eight most-significant bits. See the 
“RESET POINTER FLIP-FLOP" command. 


BASE AND CURRENT WORD COUNT - CHANNELS 0-3 


These 16-bit registers specify the number of words to 
be transferred. This is a write-only register. The 
16-bit contents are loaded into these registers as a 
two-part operation. 


The first write to this register loads the eight 
least-significant bits. The second consecutive write 
loads the eight most-significant bits. See the 
“RESET POINTER FLIP-FLOP’ command. 


CURRENT WORD COUNT - CHANNELS 0-3 


These 16-bit registers specify the number of words 
already moved as part of a data block. These are 
read-only registers. The 16-bit contents are read 
from these registers as a two-part operation. The 
first read from this register returns the eight 
least- significant bits. The second consecutive read 
returns the eight most-significant bits. See the 
"RESET POINTER FLIP-FLOP" command. 


TEMPORARY 


This register is not used in this hardware 
configuration. 


RESET POINTER FLIP-FLOP 


This is a direct command to the DMA controller to 
reset the pointer flip-flop that keeps track of 16- 
bit data transfers. This command is given to reset 
the pointer to a known state so that the DMA 
controller will load the high- and low-order bytes in 
the proper sequence. Use this command before writing 
a 16-bit base address or other 16-bit command or data 
to the DMA controller. 


MASTER RESET 


This is a direct command to the DMA controller to 
reset the DMA controller It has the same effect as a 
hardware reset; the command, status, request, 
temporary, and pointer flip-flop registers are reset 
(=0), and the mask register bits are set (=1). 
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RESET MASK REGISTER 


This is a direct command to the DMA controller to 
reset the mask register, enabling all four channels 
to receive DRQs (data requests). 


DMA Memory Page Register 


The DMA memory page register contains the eight most 
significant bits of the 24-bit address. It works in 
conjunction with the DMA controllers to define the 
complete (24-bit) address for the DMA channels. 
Table 2-9 shows the port address assigned to each 
page register. See the section on the DMA 
controllers for more information. 
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Table 2-9. Port Address For DMA Channels Real-Time Clock and Configuration 
DMA Page Register Memory 
Channel 1/0 Port Address 
) 087h The COMPAQ 286 family computer system boards use the 
1 083h Motorola MC146818 device as their Real-Time Clock 
y, 081h (RTC) and Configuration Memory. This device has a 
3 082h total of 64 bytes of memory. The first fourteen 
memory locations are used for the RTC. The remaining 
4 None 
50 memory locations are used for the system 
2 08Bh configuration. 
6 089h 
/ O8Ah A value can be written to or read from all 64 
Refresh O8Fh (See Note) registers except: 
Note: The DMA memory page register for the refresh = Status Registers C and D, which are read-only 
channel must be programmed with 00h for proper 
system operation. = Bit 7 of Status Register A, which is read-only 


m The high-order bit of the seconds byte, which is 
read-only 


Figure 2-9 shows the memory map for the MC146818. 
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To prevent a loss of time or system configuration, 
the MC146818 uses power obtained from a battery 
mounted on the inside of the computer. The battery 
maintains the time and system configuration during 
power loss for up to three years. The system does 
NOT charge the battery. 


NOTE: If the battery is disconnected or fails 
for any reason, the time and system 
configuration must be reprogrammed into the 
MC146818. 


To reset the time or system configuration, run the 
SETUP procedure found on the USER'S PROGRAM diskette 
or on the Advanced Diagnostics Diskette. To reset 
the time, use either the SETCLOCK (DOS) command, or 
the appropriate INT 1Ah (BIOS) command. 


14 Bytes for | OOh Seconds OOh 
Real—Time Seconds Alarm | Oth 
Clock Minutes 02h 


Minutes Alarm | 05h The MC146818 is an 1/0 mapped device. Use the 80286 
Hours O4h OUT and IN instructions to read or write to the 
Hours Alarm OSh memory in this device. Note that the port 70h is 
Day of Week O6h shared between the NMI mask register and the 

Date of Month | O7h configuration memory address register. To leave the 
Month O8h NMI mask enabled, make sure that bit 7 is set to 0 
Year O9h when writing a RTC address to port 70h. 

Register A OAh 

Register B OBh 

Register C OCh 

Register D ODh 


ODh 
50 Bytes for 


Configuration 
Memory 


Figure 2-9. MC146818 Memory Map 
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To write a value into memory: 


1. Use OUT 70h, AL to specify the memory location to 
change. 70h is the port number; AL is the memory 
location. 


2. Use OUT 71h, AL to specify the data for the memory 
location. 71h is the port number; AL is the data. 


To read the contents of a memory location: 


1. Use OUT 70h, AL to specify the memory location to 
read. 70h is the port number; AL is the memory 
location. 


2. Use IN AL, 7lh to read data stored in that 
location. The returned data is placed in the AL 
register of the 80286. 


Table 2-10 summarizes the types of information stored 
in the MC146818's memory locations. 


Table 2-10. 


Register 
00h 

Olh 

02h 

03h 

04h 

O5h 

06h 

07h 

08h 

09h 

OAh 

OBh 

OCh 

ODh 

OEh 

OFh 

10h 

{lh 

12h 

13h 

14h 
15h, 16h 
17h, 18h 


MC146818 Real-Time Clock Memory 
Locations 


Function 

Seconds 

Seconds Alarm 

Minutes 

Minutes Alarm 

Hour 

Hour Alarm 

Day of Week 

Day of Month 

Month 

Year 

Status Register A 

Status Register B 

Status Register C 

Status Register D 

Diagnostic Register 

Reset Code Byte 

Diskette Drive Type 

Reserved 

Fixed Disk Drive Type 

Reserved 

Equipment Installed 

System Board Memory Size 

Extended Memory Installed 
(Continued) 


System Boards (8- and 6-MHz Only) 


Table 2-10. (Continued) 
Register Function 
19h-2Ch Reserved BIT 


STATUS REGISTER BYTE OAh 


2Dh Additional Flags 76543210 

LLit these bits specify the divider 
2Eh, 2Fh Checksum Value pecity 
oa at a i a frequency for the clock. The 
30h,31h_ Memory More than 1 MBO default value is 0110 (1.024 kHz) 
32h Century, part of time and date function 
33h System Information These bits specify the time base 
eee ee eS a et a ee frequency. The default value is 
34h-3Fh__Reserved 010 (32.768 kHz) 
Information about registers OAh through 33h follows. 0 = OK to read device 


1 = Time update in progress 


2-33 
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STATUS REGISTER BYTE OBh 


BIT 
76543210 


: 


~~ ©O FO fF 


ee 


nou 


No Daylight Savings Time 
(default) 
Daylight Savings Time Selected 


12-hour Mode 
24-hour Mode (default) 


= Time and Date in BCD Format 


tou 


(default) 
Time and Date in Binary Format 


Output Disabled (default) 
Enables Frequency Output Selected 
by Status Register A 


Disable End-of-update Interrupt 
(default) 
Enable End-of-update Interrupt 


Disable Alarm Interrupt (default) 
Enable Alarm Interrupt 


Interrupt Disabled (default) 
Enable Interrupt at frequency 
specified by Status Register A 


Normal Operation 
Disable Time Updating so that 
time can be set 


STATUS REGISTER BYTE OCh--READ-ONLY 


BIT 
76543210 


| 


0000 (Reserved) 


1 


1 


End-of-update Interrupt Flag 
Alarm Interrupt Flag 
Periodic Interrupt Flag 


Interrupt Output Signal Active 


STATUS REGISTER BYTE 00h 


BIT 
76543210 


0000000 (Reserved) 


] 
0 


Real-time Clock has not lost power 
Real-time Clock has lost power 


CONFIGURATION BYTE OEh--DIAGNOSTIC STATUS BYTE 


BIT 
76543210 


| Ll 9 (Reserved) 
1 = 


Time is not valid 


1 = Fixed Disk Drive Controller 
is not working 


1 = The amount of memory detected 
during the system initialization 
is not the same as the amount 
specified in the configuration 
memory 


1 = System initialization equipment 
check does not match the 
equipment specified in the 
configuration memory 

1 = Checksum bad--ROM error 


1 = Real-time clock has lost power 
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CONFIGURATION BYTE OFh--RESET CODE BYTE 


The reset code tells the system what to do after the 
CPU is reset. The reset code identifies the type of, 
or reason for, reset. The reset code also provides a 
method of resetting the system without losing 
previously-stored data or to return the system to the 
Real Mode from the Protected Virtual Memory Mode. 


BIT 
76543210 

00h = Normal power-up reset 

04h = Proceed to load DOS from disk 
05h = Jump to Reset Vector 0040:0067 

after initializing the 8259A 

08h = Block-move Return 

OAh = Jump to Reset Vector 0040:0067 


after initializing the 8259A 
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CONFIGURATION BYTE 10h--DISKETTE DRIVE TYPE CONFIGURATION BYTE 12h--FIXED DISK DRIVE TYPE 
BIT BIT 

76543210 76543210 
Secondary Diskette Drive Type Litt value defines second fixed disk dirve type 
(use values given below) (use table below) 
Primary Diskette Drive Type: Values defines fixed disk drive type: 
0000 = No diskette drive Value Size System 
0001 = 360-Kbyte Diskette Drive 0000 None 
0010 = 1.2-Megabyte Diskette Drive 
0011 = Reserved 0010 20-MB COMPAQ PORTABLE 286 

0010 20-MB COMPAQ DESKPRO 286 

1111 = Reserved 0110 30-MB COMPAQ DESKPRO 286 


1100 70-MB COMPAQ DESKPRO 286 


NOTE: This byte identifies the type of fixed 
disk drive used, not the capacity. 


CONFIGURATION BYTE 14h--EQUIPMENT INSTALLED 


BIT 
76543210 
L_ 


0 = No diskette drives are installed 
1 = Diskette drives are installed 

Q = No math coprocessor 

1 = Math coprocessor is installed 


00 (Reserved) 


Type of video display controller 
and operating mode 


00 = Reserved 

01 = Color/Graphics, 40 column 

10 = Color/Graphics, 80 column 

11 = Non-COMPAQ Monochrome/text 
Number of diskette drives installed 
00 = 1 drive 

01 = 2 drives 

10 = Reserved 

11 = Reserved 
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CONFIGURATION BYTES 15h AND 16h--BASE MEMORY SIZE 


Value indicates valid memory sizes for the base 


memory size: 


Byte 16h 
00h 
Olh 
02h 
02h 


CONFIGURATION BYTES 17h AND 18h--MEMORY AMOUNT 


Byte 15h 
80h 
00h 
00h 
80h 


Memory Size 
128 KB 
256 KB 
512 KB 
640 KB 


Value indicates valid memory sizes for memory on all 
memory option boards: 


Byte 18h 
02h 
04h 
06h 


3Bh 


Byte 17h 
00h 
00h 
00h 


80h 


Memory Size 
512 KB 
1024 KB 
1536 KB 


15232 KB 
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CONFIGURATION BYTE 2Dh--ADDITIONAL FLAGS CONFIGURATION BYTES 30h AND 31h--MEMORY OVER 1 MB 
This byte allows the configuration of special Value indicates amount of system memory in excess of 
features. 1 MB. These bytes are updated by the BIOS at 
ETT power-on. 
76543210 ; 
L_ 9 = Non-dual-scan monitor installed Byte 31h Byte 30h Memory Size 
1 = Dual-scan monitor installed 02h 00h 512 KB 
04h 00h 1024 kB 
0 = Disable keyclick 
1 = Enable keyclick 06h 00h 1536_KB 
08h 00h 2048 KB 
0 = Non-COMPAQ video display OAh 00h 2560 KB 
controller installed 
1 = COMPAQ video display controller oCh 00h 3072 KB 
installed OEh 00h 3584 KB 
10h 00h 4096 KB 
00000 = R d 
ae ies 12h 00h 4608 KB 
14h 00h 5120 KB 
16h 00h 5632 KB 
CONFIGURATION BYTES 2Eh AND 2Fh--MEMORY CHECKSUM 18h 00h 6144 KB 
- 1Ah 00h 6656 KB 
alue stored is the checksum for memory addresses 1Ch 00h 7168 KB 
10h. .2Dh. 
1Eh OOh 7680 KB 
Byte 2Eh = High byte of checksum 


Byte 2Fh = Low byte of checksum : ; ; 
3Bh 80h 15232 KB 


CONFIGURATION BYTE 32h--DATE, CENTURY 


This is the century part of the current time and date 
encoded in BCD (binary coded decimal). The BIOS sets 
and reads this value. 


CONFIGURATION BYTE 33h--SYSTEM INFORMATION 
BIT 
76543210 
000000 (Reserved) 
Used by SETUP program 


1 = More than 1 MB of memory 
is installed 
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Keyboard Controller 


An INTEL 8042 single-chip microcomputer provides: 


= An output port for system function control and 
keyboard communication 


# An input port to read syste; function status 


= A test port to read the status of the keyboard 
clock and data lines 


The 8042 has internal ROM that is custom-programmed 
with keyboard scan codes and operating instructions. 
Figure 2-10 shows a simplified block diagram of the 
keyboard controller. 
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Figure 2-10. 
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System Interface 
(Bidirectional |/0) 


Command 
Register 
64h 

or 

Data 
Register 
60h 


Status 
Register 


64h 


Output 
Buffer 
60h 


8042 
Internal 
Processor 


Processor Reset 
A20 Gate 
Slowdown 
Speedup 

Buffer Full INT 
Not Connected 
CLK 

Data 


KBDCLK 
KBDDATA 


Not Connected 
Not Connected 
Not Connected 
Not Connected 
Speed Jumper 
MFG Jumper 
Monitor Selected 
Enable Keyboard 


Keyboard Controller Functional 
Block Diagram 


The 8042 communicates with the keyboard in a 
bidirectional, serial format with a synchronizing 
clock. The 8042 receives serial data, checks its 
parity, translates the 11- or 9-bit scan codes from 
the keyboard into system codes, and interrupts the 
80286 to transfer data into the system. 


Command codes between the 8042 and the keyboard are 
described in Chapter 8. 


The 8042-to-Keyboard Interface 


The 8042 and the keyboard are connected by a four 
conductor, shielded cable that carries a power line, 
a ground line, a data signal, and a clock signal. 


The 8042 and the keyboard communicate in a 
handshaking fashion, using the data and clock lines 
for synchronous serial communication. The data and 
clock lines are driven by open-collector drivers at 
both ends of the cable in a wired-OR fashion. 


The keyboard supplies the synchronizing clock for 
data transmissions in either direction. 


Figure 2-11 shows a simplified schematic of the data 
and clock circuits. 


+5 Vde 


Keyboard 
Data Line 


— 


From Keyboard 
Data Driver 


From 8042 
Data Driver 


To 8042 To Keyboard 
Data Input Data Input 
+5 Vde 
Keyboard 
From 8042 Ginale Ling From Keyboard 


Clock Driver Clock Driver 


-—T 


To 8042 To Keyboard 
Clock Input Clock Input 
Figure 2-11. Simplified Schematic of the 


Data and Clock Circuits 
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11- or 9-Bit Data Transmission Format 


The 8042 adds versatility to the system by allowing 
11- or 9- bit keyboards to be used interchangeably at 
any time. The system sends commands to the 8042 to 
specify the type of scan code it expects, and the 
8042 sends that type of scan code, regardless of the 
type of keyboard connected. 


The 8042 automatically tests for keyboard type by 
monitoring the data format. Figure 2-12 shows 11- 
and 9- bit data formats with sample data transfers. 
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cok UU UL LULU ULL 
Riles, Me Vette teedeata. | a 


DO D1 D2 D3 D4 DS D6 D7 Stop 


LSB MSB Bit 
Start Odd 
Bit Parity 

Bit 


11-—BIT DATA FORMAT 


CLOCK 
| ee ee as (ae eo | 
DO D1 D2 D3 D4 DS D6 D7 
LSB MSB 
Start 
Bit 


9-—BIT DATA FORMAT 


Note: The keyboard drives the data line low for the 
Stop Bit at the end of a transmission to acknowledge 


the transmission. 


Figure 2-12. ll- and 9-Bit Data Formats 


Table 2-11 lists the 11- and 93-bit data transfer 
timing parameters. 


Table 2-11. Keyboard Data Timing Parameters 


Parameter 11-Bit 9-Bit 
Clock timing (min.), 60 us 25 us 
Falling edge to falling edge 

Clock timing (min.), 5 us 5 us 
Falling edge to rising edge 

Transmission Time (max. ) 2 us 2 us 
First edge to completion 

Time data must be valid 0 us 0 us 
before falling clock edge 

Time data must be valid 5 us 12 us 


after falling clock edge 


8042 Port Functions 


The 8042 has three ports: 


To 


ras 


An 8-bit output port for system function control 
and keyboard communication 


An 8-bit input port to read system function status 


A 2-bit test port to read the status of the 
keyboard clock and data lines. 


write to the output port: 


. Write command Dih (next byte is a value byte) to 


I/O address 64h. 


. Write the desired value for the output port to 


port address 60h. 


read the 8042 output port value: 


. Write command DOh (transfer the current output 


port values to the 8042 output buffer) to port 
address 64h. 


Read the 8042 output buffer (port address 60h). 


Figure 2-13 shows the bit values for the output port 
of the 8042. 
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BIT 
_ 1 = System RESET Line Active 

0 = Hold Address line 20 (A20) Low 
1 = Enable address line 20 (A20) 
CPU Speed Control 
00 = 6 MHz RAM/6 MHz I/0 speed(COMMON) 
01 = 8 MHz RAM/6 MHz I/0 speed(FAST) 
10 = 8 MHz RAM/8 MHz I/0 speed(HIGH) 
11 = Reserved 
1 = Output buffer full 
1 = Input buffer empty 
Keyboard clock - controlled by 


the 8042 


Keyboard data stream - controlled 
by the 8042 


Figure 2-13. 8042 Output Port - Bit Definition 


To read the 8042 input port value: 


1. Write command COh (transfer the current input 
port values to the 8042 output buffer) to I/0 
address 64h. 


2. Read the 8042 output buffer (port address 60h) 
with the special read command Abdh. 


Figure 2-14 shows the format of the byte returned 
from the 8042 input port. 
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4 4323 0 BIT 
0000 (Reserved) _ Test0 ~ Keyboard clock stream 
0 = COMMON (6 MHz RAM/6 MHz I/O speed) : 
1 = FAST (8 MHz RAM/6 MHz I/O speed) Testl - Keyboard data stream 
0 = Jumper EM set on 1-2 (normal) 000000 (Not Used) 
1 = Jumper EM set on 2-3 
Figure 2-15. 8042 Test Input Port - Bit Definition 
Q = COMPAQ dual-scan display 
Security Lock . 
gle ae Programming the 8042 
1 = Unlocked 


The 8042 is I/0-mapped at port addresses 60h and 64h. 
Figure 2-14. 8042 Input Port - Bit Definition 
Prior to writing a command or data to ports 60h or 
64h, the 8042 Status register must indicate “Input 


To read the 8042 TEST input port value: - 
Buffer Empty . Also, prior to reading data from port 


1. Write the command E0h (transfer the current TEST 60h, test the 8042 Status register to ensure a ‘Data 
input port values to the 8042 output buffer) to in Buffer" condition. 
I/0 address 64h. 

2. Read the 8042 output buffer (port address 60h). Port 60h, Data 1/0 Register. Use the 80286 s IN 


instruction to read data from the 8042's output 
buffer. Data in the Data I/0 register is from the 
keyboard, unless the 8042 has been given a command 
such as 20h, Read Command byte. 


Figure 2-15 shows the format of the byte returned by 
the 8042 TEST input port. 


Use the 80286's OUT instruction to send data to the 
keyboard, unless the 8042 has been given a multibyte 
command such as 60h, Write Command Byte. To give a 
multibyte command to the keyboard, write the first 
command byte to port 64h and the second command byte 
to 60h. 


Port 64h, Command/Status Register. The following 


pages describe the format for Command/Status register 
(port 64h) I/0 interactions with the 8042. 


Use the 80286's IN instruction to read the status of 
the 8042 and the keyboard (input from port 64h). 


Use the 80286's OUT instruction to give a command to 
the 8042 (output to port 64h). Writing to this 
address automatically sets the COMMAND/DATA flag 

to 1. 


Most commands involve a single write step. However, 
some commands do require a second step, such as a 
subsequent 8042 register read or write. 


Figure 2-16 shows the 8042 Status register. Figure 
2-17 shows the 8042 command byte. Table 2-12 lists 
the 8042 command codes. 
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— —- © 
“ol i i 


BIT 
0 
0 
1 
0 
1 
0 
1 
1 = 
1 = 
a 


Figure 2-16. 


No new data in buffer 
Data in buffer (input port 60h) 


Input BUffer empty (output port 
60h or 64h) 
Input buffer full (output port 
60h or 64h) 


Power-on (cold start) 
Software reset (warm start) 


Output buffer has data 
Output buffer has command 


Security lock engaged 
Security lock not engaged 


Transmission Time-out Error: 
No clock--bit 5 set clock, 

no response--bits 5 & 6 set, 
clock and response, but parity 
error--bits 5 & 7 set 


Receive Time-out Error. 


Keyboard data transmission started, 


but did not finish in 2 ms 


Parity Error detected (11-bit 
format only). If an error is 
detected, a Resend command is 
sent to the keyboard once only, 
as an attempt to recover. 


8042 Status Register (Input Port 64h) 
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BIT 
— Do not generate interrupt 
Generate interrupt when 
output buffer ful] 
0 (Reserved) 
System flag--the value written 
to this bit is written into the 
corresponding bit of the status 
register 
Obey Security Lock state 
Ignore Security Lock 
Enable keyboard 
Disable keyboard 
Use 11-bit keyboard codes 
Use 9-bit keyboard codes 
Do not convert keyboard codes. 


re © 


Ke © ~ © — 
"oil rou 


ol 


— © 


Convert keyboard codes to the 
8088/8086 scan codes. 


0 (Reserved) 


Figure 2-17. 8042 Command Byte (Output Port 64h). 
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Table 2-12. 8042 Command Codes (Output Port 64) 


Code Function 


20h Put the current command byte on the 8042's output port 
60h Load the next byte put into the 8042's input port as the command byte 
Alh COMMON Speed--the 8042 output port selects the 6-MHz RAM/6-MHz I/0 speed 
(SLOWDOWN bit = 0 , SPEEDUP bit = 1.) 
A2h FAST Speed--the 8042 output port selects an address-dependent speed 
(SLOWDOWN bit and SPEEDUP bit = 1.) 
A3h HIGH Speed--the 8042 output port selects the 8-MHz RAM/8-MHz I/0 speed (SLOWDOWN bit = 1 , SPEEDUP bit = 
0.) 
A4h Toggle--the 8042 changes its speed-control output port bits between the COMMON mode speed and the speed 
defined with the HIGHSP command (A6h). 
A5h Special Read--the 8042 places the real value of port 2 except for bits 4 and 5 which 
are given a new definition in the output buffer. No output-buffer full is generated. 
If bit 5 = 0 then a 9-bit keyboard is in use 
If bit 5 = 1, then an 11-bit keyboard is in use 
If bit 4 = 0, the interrupt is disabled 
If bit 4 = 1, when the output buffer full interrupt is enabled 
A6h HIGHSP--the 8042 interprets the next byte written to port 60h as the maximum speed for the system when the 
Toggle command (A4h) is used. 
Value Highest Speed 
00h COMMON (6 MHz RAM/6 MHz I/0 speed) 
Olh FAST (address-dependent 8 MHz RAM/6 MHz I/0 speed 


02h HIGH (8 MHz RAM/8 MHz I/O speed) 
Note: Only the two least-significant bits are used. The other bits should be set to 0. 


(Continued) 
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Table 2-12. (Continued) 


Code Function 
AAh Initialization--the 8042 initializes ports 1 and 2 to their setup value, sets HIGHSP (CPU speed) to the 


value set by the jumper, disables the keyboard and clears the buffer pointers. It then places 55h in the 
output buffer. 
ABh Interface Test--directs the 8042 to test the data and clock lines of the keyboard interface. The output 
buffer (input port 60h) receives the test results, according to: 
00h - No error detected 
Olh - The keyboard clock line is stuck low 
02h - The keyboard clock line is stuck high 
03h - The keyboard data line is stuck low 
04h - The keyboard data line is stuck high 
05h ~ COMPAQ diagnostic feature 
Note: The keyboard data line test does not check for line stuck low for 9-bit keyboards. 
ACh Diagnostic Dump--Reserved for diagnostic purposes. 
ADh Disable Keyboard--sets bit 4 of the 8042's command byte, which disables the keyboard interface. Data is 
not sent or received until the keyboard is enabled. 
AEh Enable Keyboard--resets bit 4 of the 8042's command byte, which enables the keyboard interface. 
COh Read Input Port--directs the 8042 to transfer the status of the input port and place it in the output 
buffer (input port 60h). Use this command only when the output buffer is empty. 
DOh Read Output Port--directs the 8042 to transfer the current byte in the output port to the output buffer 
(input port 60h). The values for the SPEEDUP and SLOWDOWN bits (D6 & D7) will not be accurate. Use the 
Special Read command (A5h) to read the correct values. Use the Read Output Port command only when the 


output buffer is empty. 
(Continued) 
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Table 2-12. (Continued) 
Code Function 


Dih Write Output Port--place the next byte written to the 8042 data register (output port 60h) on the 8042's 
output port. The system speed bits are not set by this command--use commands Alh to A6h for speed 
functions. 

CAUTION 
Setting bit 0 of the 8042's Output 
Port 0 puts the system in a reset 
state until the power is turned off. 
EOh Read Test0 and Testl Inputs--directs the 8042 to put the current state of Test0 and Test1l into the output 


buffer (output port 60h). Test0 is bit 0 and Testi is bit 1. 


FOh-FFh Pulse Output Port--the 8042's output port, bits <3..0>, can be pulsed (strobed low) for approximately 
2 us. Bits <3..0> of this command byte each represent one bit, or signal of the output port to be pulsed. 
Note: Bit 0 of the 8042's Output Port 0 is connected to the system reset. Pulsing bit 0 will reset the 


system. 
EE _____.........__._._ = _________..__.__.._._...____._._. ___ ee 
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System Scan Codes Table 2-13. (Continued) 
11-bit System 9-Bit 
Table 2-13 shows the codes sent by the keyboard to US Keyboard Scan Keyboard 
the 8042 for each key, and the final code sent to the Character Scan Code Code Scan Code 
system by the 8042. Tah ODh OFh OFh 
Q 15h 10h 10h 
Table 2-13. ere = = — VW 1Dh ith ith 
-bit ystem 9-Bit 
US Keyboard Scan Keyboard : 24h 12n i2h 
Character Scan Code Code Scan Code R 20h 13h 13h 
00h FF T 2Ch 14h 14h 
(Note 1) Y 35h 15h 15h 
ESC 76h Olh Olh U 3Ch 16h 16h 
1,! 16h 02h 02h I 43h 17h 17h 
2,@ 1Eh 03h 03h 0 44h 18h 18h 
3,# 26h 04h 04h P 40h 19h 19h 
4,$ 25h 05h 05h Ea 54h 1Ah 1Ah 
Bats 2Eh 06h 06h hes 5Bh 1Bh 1Bh 
6,7 36h O7h 07h RET 5Ah 1Ch 1Ch 
7,& 30h O8h 08h Ctrl 14h 1Dh 1Dh 
8,* 3Eh 09h 09h A 1Ch 1Eh 1Eh 
9, ( 46h OAh OAh 9 1Bh 1Fh 1Fh 
OY 08 OB ° een A ee 
eae. AEh OCh OCh F 2Bh 21h 2lh 
s+ 55h OOFh Oh G 34h 22h 22h 
— ss 66h EW EH (Continued) 


(Continued) 
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Table 2-13. (Continued) Table 2-13. (Continued) 
11-bit System 9-Bit 11-bit System 9-Bit 
US Keyboard Scan Keyboard US Keyboard Scan Keyboard 
Character Scan Code Code Scan Code Character Scan Code’ Code Scan Code 

H 33h 23h 23h Alt 1lh 38h 38h 

J 3Bh 24h 24h Space 29h 39h 39h 

K 42h 25h 25h Caps 58h 3Ah 3Ah 

L 4Bh 26h 26h Lock 

om 4Ch 27h 27h Fl 05h 3Bh 3Bh 

a 52h 28h 28h F2 06h 3Ch 3Ch 

is OEh 29h 29h F3 04h 3Dh 3Dh 
Lshift 12h 2Ah 2Ah F4 O0Ch 3Eh 3Eh 

\, | 5Dh 2Bh 2Bh F5 03h 3Fh 3Fh 

Z 1Ah 2Ch 2Ch F6 OBh 40h 40h 

X 2eh 2Dh 2Dh F7 02h,83h 4lh Alh 

C 21h 2Eh 2Eh (Note 2) 

V 2Ah 2Fh OFh F8 OAh 42h 42h 

B 32h 30h 30h F9 01h 43h 43h 

N 31h 31h 31h F10 09h 44h 44h 

M 3Ah 32h 32h Num Lock 77h 45h 45h 

< Ath 33h 33h Scrol] 7Eh 46h 46h 

sae 49h 34h 34h Lock 

/,? 4Ah 35h 35h Home , 7 6Ch 47h ATh 
Rshift 59h 36h 36h epie oy 48h___48h 

* PrtSc 7Ch 37h 37h Eup Dh si ml 

(Continued) 


(Continued) 
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Table 2-13. (Continued) 


lil-bit System 9-Bit 
US Keyboard Scan Keyboard 
Character Scan Code Code Scan Code 
- 7Bh 4Ah 4Ah 
Left ,4 6Bh 4Bh 4Bh 
5 73h ACh ACh 
Right,6 74h 4Dh 40h 
+ 79h 4Eh 4Eh 
End,1 69h 4Fh 4Fh 
Down, 2 72h 50h 50h 
PgDn,3 7Ah 5ih 5ih 
Ins,0 70h 52h 52h 
Del,. 71h 53h 53h 
Sys Req 7Fh,84h 54h 
(Note 2) 


(Continued) 


Table 2-13. (Continued) 


11-Bit System 9-Bit 
US Keyboard Scan Keyboard 
Character Scan Code Code Scan Code 

R 60h 55h 

(Note 3) 

R 61h 56h 

(Note 3) 

Fl 78h 57h 

(Note 4) 

F12 07h 58h 

(Note 4) 

R 59h through 7Fh 
(Note 3) 


Notes: 1. When the 8042 cannot read data from the 
keyboard, the 8042 sends FFh to the system, 
and sets the parity error bit of the Status 
register. 

2. The second value is generated when the 8042 
translates a 9-bit code to an 11-bit code. 

3. R = Reserved 

4. The Fll and Fl2 keys (System Scan Codes 57H 
and 58h respectively) are only available on 
the COMPAQ Enhanced Keyboard. 


8042/Keyboard Communications Time 
Restraints 


If a code transmission from the keyboard exceeds 

2 ms, a time-out error results and the 8042 sends FFh 
to the system. No retries are attempted from a time- 
out error. 


A keyboard clock signal strobes the 8042 during a 
data transmission to cycle data bits from the 8042 to 
the keyboard. 


If the keyboard clock does not begin strobing within 
15 ms after a byte is ready to transmit, or if the 
byte is not completely transmitted within 2 ms, the 
8042 sends FEh to the system and sets the transmit 
time-out error bit in the status register. 


The keyboard must respond to al] transmissions from 
the 8042 within 25 ms, or the parity and time-out 
error bits are set in the status register of the 8042 
and FEh is sent to the system. No retries are 
attempted by the 8042 after any data transmission 
error. 
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Security Key Lock 


The security key lock is connected to the P17 line of 
the 8042 keyboard processor. When the security lock 
is unlocked, the keyboard is disabled. This feature 
allows a program to continue without accidental 
interference. 


Interval Timer 


The purpose of a programmable interval timer is to 
generate pulses at software-controllable intervals. 


An Intel 8254 Programmable Interval Counter on the 
system boards provide three frequencies, or timed 
pulses for the system. The three counters count down 
a 16-bit value at a rate of 1.193 million counts-per- 
second and give an output pulse on the OUT pins. 
Table 2-14 lists the interval timer functions. 


Two channels (interrupt and refresh) are on at all 
times; only the speaker tone can be disabled and 
enabled. 
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Table 2-14. Interval Timer Functions 


Counter 0 
Function System Timer 
Gate Always On 
Clock In 1.193 MHz 
Clock Out 8259A IRQO 
Counter 1 
Function Refresh Request Internal Bus 
Gate Always On 
Clock In 1.193 MHz 
Clock Out Request Refresh Control Status 
Counter 2 Word 
Function Speaker Tone 
Gate Programmable 
Clock In 1.193 MHz 


Clock Out Speaker Input 


Interval Timer Architecture 


The interval timer contains three identical counters. 
Figure 2-18 shows the architecture of the interval 
timer. CRm and CRI contain the most- and least- 
significant bytes of the 16-bit initial count value. 
These registers are cleared when they are both Clock(n) 
transferred into CE. 


Gate(n) 


Out(n) 


Figure 2-18. Counter Architecture 


CE is the actual “Counting Element" latch that 
contains the value being counted down. 


OLm and OL] contain the most- and least-significant 
bytes of the CE value, unless a latch command is 
given. In this case, the OLm and OL)? registers hold 
the count until read. 


Programming the Interval Timer 


The timer is an I/O-mapped device. Table 2-15 lists 
the ports used. Several commands are available: 


= The Control Word specifies: 
- which counter to read or write 
- the operating mode 
- the count format 


= The Counter-Latch command latches the current 
count so that it can be read by the system. The 
count-down process continues. 


m The Read-Back command reads the count value, 
programmed mode, the current state of the OUT 
pins, and the state of the Null Count Flag of the 
selected counter. 
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Table 2-15. Interval Timer Port Assignments 

Port Function 

40h Read or Write Count for Counter 0 
(System Clock) 

4lh Read or Write Count for Counter 1 


(Refresh Request) 
42h Read or Write Count for Counter 2 


(Speaker Tone) 

43h Input for Control Word, Counter 
Latch, or Read-Back commands 
(Command Mode Register) 
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Interval Timer Operating Modes and Initial 
Values 


Six operating modes are available (See Table 2-16). 


Table 2-16. Interval Timer Operating Modes 


Mode Function 


0 Out signal on end-of-count (=0) 

1 Hardware retriggerable one-shot 

2 Rate generator (divide-by-n counter) 
3 square-wave output 

4 Software-triggered strobe 

5 Hardware-triggered strobe 


The three counters are initialized with the values 
shown in Table 2-17. 


Table 2-17. Interval Timer Initial Values 


Control 
Counter Mode Word Count __ Frequency 
0 3 36h 65535 18.207 Hz 
1 2 54h 19 62.799 KHz 
(See Note) 
2 3 B6h 1336 893.10 Hz 
Note: Only the least-significant byte of the divisor 


is loaded. 


Programming the interval timer is a simple process: 


1. 
rae 
3. 


Write a control word. 
Write an initial count for each counter. 


Load the least- and most-significant bytes of the 
16-bit counter in two steps (writes). 


Interval Timer Control Word Format 


The Control Word specifies the counter, whether it is 
to be written to or read from, the operating mode, 
and whether it counts down in a 16-bit or binary- 
coded decimal (BCD) format. 


BIT 


= Binary Countdown 
1 = BCD Countdown 


000 = Mode 0 
001 = Mode 1 
010 = Mode 2 
011 = Mode 3 
100 = Mode 4 
101 = Mode 5 
00 = Counter-latch command 
(See Counter-latch command) 
01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least, then most significant 
byte 
00 = Select Counter 0 
01 = Select Counter 1 
10 = Select Counter 2 
11 = Read-back command 


(See Read-back command) 
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Interval Timer Counter-latch Command 
The Counter-latch command latches the count at the 
time the command is received. The count is held in 


the OL registers until read. 


BIT 


coo 0000 (Reserved) 


00 = Specifies Counter-Jatch 


Command 
00 = Latch Counter 0 
01 = Latch Counter 1 
10 = Latch Counter 2 
11 = Select Read-back command 


(See Read-back command) 
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Interval Timer Read-back Command 
The Read-back command causes the count or status of 
the counters to be latched in the OL registers until 


read. A single read-back can latch the count or 
status of all three counters. 


—_ 0 (Reserved) 


1 = Select Counter 0 


BIT 


1 = Select Counter 1 

1 = Select Counter 2 

0 = Latch Counter of selected counters 
0 = Latch Status of selected counters 


11 - Specifies Read-back command 


The status byte latched into OL has the format: 


BIT 


—_ 


0 = BINARY count-down format 
1 = BCD count-down format 
000 = Mode 0 
001 = Mode 1 
010 = Mode 2 
011 = Mode 3 
100 = Mode 4 
101 = Mode 5 
00 = Counter latch command 
(See Counter-latch command) 
01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least, then most-significant 


byte 


Returned Status: 


0 = CR contents not moved into CE 
1 = CR contents are moved into CE 
0 = OUT Pin is 0 (low) 

1 = OUT Pin is 1 (high) 


Interrupt Priority Encoders 


The 80286 processor has two signals for interrupts, 
labelled NMI (nonmaskable interrupt) and INTR 
(maskable interrupts). A maskable interrupt is an 
interrupt that can be enabled or disabled by the 
processor STI/CLI instructions. A nonmaskable 
interrupt is not masked off by the CLI instruction 
but can be disabled under software control by the 
system board logic. 


NMI Interrupt Facts 


NMI interrupts are caused by parity errors on the 
system board, memory boards, or any expansion boards 
which pull the IOCHK- line low. 


System software can also generate a software 
interrupt to the NMI routine. When the IOCHK- line 
is pulled low, it sets the IOCHK- latch, which holds 
the error condition until software can examine it. 


The source of the NMI can be determined by examining 
input port 61h, bit 6. If this bit is set, the 
interrupt came from the hardware JOCHK- line. To 
clear the hardware IOCHK- latch, pulse bit 3 of port 
61h high. 
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The mask register for the NMI interrupt is at I/0- 
address 70h. The format for this byte is 10000000, 
that is, only the most significant bit is decoded. 
Write an 80h to port 70h to mask the NMI signal. 
This port is shared with the Real-Time Clock and 
Configuration Memory Device (the lower 6 bits). 

Do not modify the contents of this register without 
considering the effects on the state of the other 
bits. 


INTR Interrupt Facts 


All INTR-type interrupts to the CPU are channeled 
through the interrupt controllers (8259A). These 
devices generate interrupts on the 80286's interrupt 
line, which can be masked in the 80286 by software. 


The interrupt controllers are 8-input devices that 
can accept interrupt signals from several devices, 
then prioritize them and interrupt the processor. 
The processor then automatically reads the interrupt 
controller to determine the source of the highest- 
priority interrupt and calls the appropriate 
interrupt routine. 
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Two interrupt controllers (a master and a slave) are 
used so that more than eight levels of interrupt are 
possible. The slave (Interrupt Controller 2) 
interrupts the master (Interrupt Controller 1) to 
show an interrupt. When Interrupt Controller 1 is 
properly programmed (in the special fully nested 
mode) Interrupt Controller 2 sends the correct 
interrupt vector to the CPU for the source of the 
interrupt. Figure 2-19 shows a diagram of the 
interrupt controller circuit. 


All interrupts can be masked off, using the CLI 
instruction of the 80286. The base I/0 address for 
Interrupt Controller 1 is 20h; for Interrupt 
Controller 2 it is AOh. Table 2-18 lists the initial 
interrupt controller values. 


Table 2-18. Initial Interrupt Controller Values 


Port Value Description of Contents 
20h = lih Cntlr ICW1 


i 

21h  O8h Cntlr 1, ICW2 vector address for 000020h 
2lh 04h Cntir 1, ICW3 indicates slave connection 
2lh Olh Cntlr 1, ICW4 8086 mode 
AOh 1th Cntlr 2, ICWl 
Alh 70h Cntlr 2, ICW2 vector address for 0001COh 
Alh 02h Cntlr 2, ICW3 indicates slave ID 
Alh_ _Olh Cntlr 2, ICW4 8086 mode 
A21h B8h Cntlr 1, Interrupt mask (may vary 

with option) 
Alh  9Dh Cntir 2, Interrupt mask (may vary 
with option) 


Table 2-19 shows the 16 possible sources for an 
interrupt and their priorities. The highest-priority 
interrupt is processed first. 
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Table 2-19. Interrupts And Their Priorities 
Prior- Cont- 


ity _Label_roller Typical Interrupt Source 


1 NMI (Note) Parity Error Detected 
2 IRQO 1 Interval Timer Output 0 
3 IRQl 1 Keyboard 
IRQ2 1 Interrupt from Controller 2 
4 IRQ8 2 Real-Time Clock 
5 IRQS 2 Expansion Bus Pin B04 Interrupt 
6 IRQIO 2 Expansion Bus Pin D03 nee 
7 IRQI1 2 Expansion Bus Pin D04 eee 
8 IRQI2 2 Expansion Bus Pin DO05 
9 IRQI3 2 Math Coprocessor oe eee oe 
10 IRQ14 2 Fixed Disk Drive Controller 
--Expansion Bus Pin D07 Seecnney Serum: See 
11 IRQ15 y) Expansion Bus Pin DO6 Primary Comm IRQ4 To 80286 INTR 
12 IRQ3 1 Serial Port 2 Secondary Printer IRQS 
--Expansion Bus Pin B25 pisses noe 
13 IRQ4 1 Serial Port 1 Primary Printer = IRQ7 
--Expansion Bus Pin B24 Not Used IRQS Cascade 
14 IRQ5 1 Parallel Port 2 
--Expansion Bus Pin B23 evereu auc 
15 IRQ6 1 Diskette Drive Controller 36-Pin Connector 
--Expansion Bus Pin B22 Not Used IRQIO 
16 IRQ? 1 Parallel Port 1 Not Used IRON Interrupt 
--Expansion Bus Pin B21 Wesel Beis eee 2 


Note: The NMI signal is controlled through 
1/0 port 70h, bit 7. 


Fixed Disk IRQ14 
Not Used IRQIS 


Figure 2-19. Interrupt Controller Circuit Diagram 
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2.5 EXPANSION BUS 


The system board uses expansion slots to support 
additional circuit boards. 


Expansion slots either have two connectors (62-pin 
and 36-pin) or one connector (62-pin). Slots with 
both connectors support a 16-bit data bus and the 
high-order address lines, LA<23..17> as well as 
additional interrupt and DMA lines. Slots with only 
one connector support only an 8-bit data bus with 
address lines SA<19..0>. 


This section presents the expansion bus and the 
system timing requirements and includes: 


m Detailed explanations of the expansion bus signals 


= Major functions supplied to the expansion bus, 
such as: 


- Address Handling 

- Data Handling 

Non-CPU Operations 

- DMA Operations 

- Dynamic RAM Refresh 

Other Bus Master Operations 


= Timing Considerations 


Address Handling 


When the CPU begins a bus cycle, it places an address 
on the address bus. This address may be placed on 
the bus even while the previous cycle is still in 
progress. Since most devices expect to see a valid 
address for the duration of a bus cycle, the system 
board latches the address onto the system bus. 


System bus lines that contain the latched address are 
SA<19..0>. These latches are of the fall-through 
type so that when the address latch enable signal 
(ALE) goes active, the address appears at the output. 
When ALE goes inactive, the addresses will stay on 
the outputs until the next bus cycle begins. 


Some high speed devices overlap some operations (such 
as address decoding). To allow this, the system bus 
provides a set of address lines (LA<23..17>) that are 
not latched but which provide a greater setup time to 
do decoding. When the address changes, expansion bus 
devices may decode the high-order address lines and 
then latch them using BALE. This allows expansion 
bus devices to take advantage of addresses for the 
next bus cycle that may be placed on the bus before 
the current bus cycle is complete. 


When other devices (such as DMA or other bus masters) 
take control of the system bus, the BALE line is held 
active for the entire duration of the operation. As 
a result, expansion bus devices annot use BALE to 
ljatch the high-order address lines. Therefore, 
LA<23...17> should be held stable for the entire 
duration of each bus cycle. 


Data Handling 


Data handling for these products is accomplished with 
two data buses. The first is the 8-bit bus which is 
compatible with previous products. It is provided by 
the SD<7..0> lines. External devices and memory that 
are limited to 8-bit transfers will use this bus and 
the control lines SMRDC-, SMWTC-, IORC-, and IOWC- to 
enable or latch data on the bus. 


Devices that can transfer data 16 bits at a time must 
also use the SD<15..8> lines for data transfer. The 
lines SBHE- and SAO are used to determine which 
byte(s) are desired. These devices tell the system 
board that they are 16-bit devices by setting the 
M16- or I016- (as appropriate) when they are 
addressed. Table 2-105 shows the relationship 
between the three lines. 
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Table 2-20. MI16-, I016-, SAO, and SBHE- Signal 
Relationship 
M16- or I016- SAO  SBHE- Cycle Type 


High High ---- Odd byte transfer on 
lines SD<7..0> 


High Low  ---- Even byte transfer on 
lines SD<7..0> 

Low High High Reserved 

Low High Low Odd byte transfer on 


lines SD<15..8> 
Low Low High Even byte transfer on 
lines SD<7..0> 
Even word transfer on 
lines SD<15..0> 


Low Low Low 
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Non-CPU Operations 


The system board supports several operations that are 
not related to the processor chip itself. They are 
refresh, traditional direct memory access, and 
expansion bus master access. Refresh is provided to 
prevent loss of data in dynamic RAMs (DRAMs). The 
other operations are used by expansion bus devices 
that require access to memory or I/0 without 
processor intervention. 


The system board prioritizes the requests for each 
type of service according to the following rules: 


m If the CPU is the bus master, it completes the 
current processor cycle. (This includes word 
operations to 8-bit memory, which execute as two 
single-byte operations). 


= If the CPU has an instruction LOCKed, it will 
complete the instruction. 


= There is an automatic LOCK between an interrupt 
acknowledge and the first bus write in the 
acknowledge sequence. 


= In the 80286 protected-virtual mode, segment- 
descriptor operations are automatically LOCKed 
(six words are loaded at one time). 


=™ Refresh and other DMA cycles are started on a 
first-come, first-served basis after the CPU 
releases the bus. 


=" If arefresh is in progress when a DMA cycle jis 
requested, the DMA cycle will be run without 
allowing the CPU to regain control of the bus. 


m If a direct memory cycle is in progress when a 
refresh is requested, the refresh cycle will be 
run without allowing the CPU to regain control of 
the bus. 


= The DMA controller will hold the bus until all 
outstanding DMA requests are handled. 


=m If a DMA channel is programmed for demand or block 
transfer modes, the DMA controller will keep the 
bus for the entire time to complete the programmed 
operation. 


= Wait states or 8-bit memory anywhere in the system 
can delay the time required to acknowledge a DMA 
request. 


Because of the above conditions, peripheral designers 
must assume that the latency on any DMA request can 
be as high as 10-12 us in a typical system using only 
diskette operations. If more than one DMA device is 
operating at one time, the latency can be even 
greater. If a program uses a LOCK prefix before 
string instructions or uses block- or demand-mode 
DMA, then the latency could reach the millisecond 
range. 


DMA Operations 


The DMA controllers in the system operate as a 
separate subsystem from the main bus controller. 
They handle requests from the DMA peripherals, 
arbitrate between them, and then request access to 
the system address and control lines from the CPU. 


There are two types of DMA: byte and word. One of 
the DMA controllers is connected to handle byte-DMA 
operations, the other, word-DMA operations. To 
simplify the arbitration between sources, the request 
line from the byte controller is connected to a DMA 
request line (DRQ4) on the word controller. The word 
DMA controller is programmed for cascade mode on 
channel 0 (to which DRQ4 is connected) so that it 
will not actually place an address on the bus when it 
acknowledges the byte controller's request. 
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Byte-DMA Operations 


The DMA byte cycle begins when a peripheral sets a 
DRQ<3..0> line active. The DMA controller then 
arbitrates among any other pending requests and sets 
the hold request output active. This line (DRQ4) is 
connected to the word controller as discussed above 
which does its arbitration. The word controller then 
sets its hold request line active which is in turn 
synchronized and arbitrated by the hold arbitration 
logic discussed above. 


When the system responds to the request with an 
acknowledge, the word DMA controller will respond 
with a DAK4, which acts as a hold acknowledge to the 
byte controller. The byte controller will, after 
synchronizing the acknowledge, place an address on 
the bus lines. 


Logic drives the SBHE- line in the opposite sense of 
SAO in order to satisfy 16 bit devices on the bus. 
When this is complete, the DMA controller drives the 
lines IORC-, IOWC-, MWIC-, and MRDC- according to the 
type of cycle being run. If SAO is high and the 
addressed memory is 16-bit, logic routes the data 
between the low half and high half of the data bus. 
The data is moved from high to low on memory reads, 
and from low to high on memory writes. 
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Word-DMA Operations 


Word-DMA operations are only possible between word 
memory (16 bit) and word peripherals. Also, the DMA 
cannot operate on an odd-address boundary, on either 
memory or I/0. The system latches the SAO and SBHE- 
lines to enable 16-bit devices on the bus. 


The DMA-word cycle begins when a peripheral sets a 
DRQ5-DRQ? line active. The DMA controllers then 
arbitrate among any other pending requests and set 
the hold request output active. 


When the system responds to the request, the word DMA 
controller will, after synchronizing the acknowledge, 
respond with a DAKx acknowledge to the peripheral. 
The DMA controller will place the address on the bus 
and then drive the control lines. 


Dynamic RAM Refresh 


The dynamic RAM refresh subsystem is designed to do a 
memory read cycle on each of 256 addresses in the 
memory space as addressed by SA<7..0>. The other 
address lines are in an undefined state during the 
RAM refresh time. The system can also be driven by 
an external source if another bus master has control. 


The system consists of a timer (part of the 8254) 
that generates the refresh requests every 15.924 us, 
arbitration logic that arbitrates whether the refresh 
controller or the DMA subsystem gets control of the 
bus, a timing generator, and a refresh address 
counter. The refresh request rate of 62.799 kHz 
provides 128 refresh cycles in 2.038 ms or 256 cycles 
in 4.0765 ms. 


If an external bus master wishes to take the bus for 
long periods of time, it must perform refresh or risk 
losing the contents of dynamic memory. The external 
bus master can do this by developing its own refresh 
request timer and internal arbitration. 


When it is not otherwise driving the bus, ‘but still 
has bus control, the bus master can generate a 
refresh cycle by pulling the REFRESH- line low with 
an open collector gate. When the MRDC- line goes 
inactive from the refresh cycle, the REFRESH- line 
should be released. The external bus master can then 
take full control. 


Other Bus-Master Operations 


This system allows other bus masters to take over the 
system buses and use the I/0 peripherals and memory. 
This is accomplished by the bus master software 
programming an unused DMA channel for cascade 
operation. When this is complete, the bus master can 
request the bus by setting the appropriate DRQx 
(<7..5>, <3..0>) line active and waiting for a 
response. 


When the system responds with DAKx, the bus master 
can pull the GRAB- line active (low), disabling the 
address, data, and contro] lines. The bus master 
should then wait one BCLK period before enabling its 
own buffers with valid address information and wait 
one more BCLK period before driving the control 
lines. 


When the bus master is finished, it should release 
the GRAB- and DRQx lines to allow the CPU to continue 
operations. If the bus master keeps control of the 
bus for more than 15 us, then it must provide its own 
refresh timing and request logic to prevent loss of 
dynamic memory contents. 
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Bus Driving/Loading Information 


The following information is provided to improve the 
probability that third-party controller boards wil] 
work with the standard COMPAQ boards and options. 


On bus lines that can be driven by a controller 
board, the driver should be able to sink a minimum of 
20 mA and source 10 mA at 0.5 Vde and 2.4 Vdc 
respectively. 


On bus lines that are driven in the low direction 
only (open collector), the driver should be able to 
sink 20 mA at 0.5 Vdc. 


The load on any logic line from a single bus slot 
should not exceed -2.0 mA in the low state (at 
0.5 Vdc) or 0.1 mA in the high state (at 2.7 Vdc). 


The logic-high voltage at the expansion bus ranges 
from 2.0 Vdc to 5.5 Vdc. The logic low voltage at 
the expansion bus ranges from -1.2 Vdc to 0.8 Vdc. 


2-68 80286-Based Products Technical Reference Guide 


Bus Timing Information 


In the FAST mode, the system clock toggles between 
two frequencies (8 MHz or 6 MHz): 


™ According to address, in which case the new speed 
will occur during the BALE time 


= According to bus size (when M16- changes state), 
in which case the new speed will] occur in the 
first clock after BALE. 


During these changes, the bus timings for the 
affected cycles will be somewhere between the actual 
8 MHz and 6 MHz timings. Table 2-21 lists the 
important timing parameters for the expansion slots. 
This information assumes that the system clock is at 
a constant speed of either 8 MHz or 6 MHz. 


NOTE: The expansion bus timing information is 
provided to aid in a general understanding of 
the system and is subject to change. 


Table 2-21. Expansion Slot Timing Parameters 
Address access time from SA<19..0> address lines, 
16 bit bus read cycle. 


Access time 8 MHz 228 ns 
Access time 6 MHz 332 ns 


Address access time from SA<19..1> address lines, 
8 bit bus read cycle. 


Access time 8 MHz 603 ns 
Access time 6 MHz 832 ns 
Address access time from SAO address line, 8 bit bus 
read cycle. 


Access time 8 MHz 589 ns 
Access time 6 MHz 818 ns 
Access time from BALE active, 16 bit bus read cycle. 


Access time 8 MHz 232 ns 
Access time 6 MHz 336 ns 


MRDC- Access time, 16-bit bus read cycle. 


Access time 8 MHz 190 ns 
Access time 6 MHz 273 ns 


IORC- access time, 16-bit bus read cycle. 

Access time 8 MHz 127 ns 
Access time 6 MHz 190 ns 
MRDC-, IORC-, access time, 8-bit bus read cycle. 


Access time 8 MHz 502 ns 


Access time 6 MHz 690 ns 


(Continued) 


Table 2-21. (Continued) 
SMRDC- access time, 8-bit bus read cycle. 


Access time 8 MHz 484 ns 
Access time 6 MHz 672 ns 


CPU read data hold from MRDC-, IROC-, inactive, 8-bit 


bus cycle. 


Hold 1 ns 


LAx address valid to 16-bit memory command setup. 


Setup 8 MHz 106 ns 
setup 6 MHz 169 ns 


16-bit bus memory cycle M16- low delay from LAx 
address valid. 


Maximum allowed delay 8 MHz 108 ns 
Maximum allowed delay 6 MHz 171 ns 


BALE valid to 16-bit memory command setup. 


Setup 8 MHz 20 ns 
setup 6 MHz 41 ns 
BALE valid to M16- setup. 

Setup 8 MHz 7 ns 
setup 6 MHz 28 ns 
SA<19..0> address valid to 16-bit memory command 
setup. 

setup 8 MHz 22 ns 
Setup 6 MHz 42 ns 


(Continued) 
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Table 2-21. (Continued) 
SA<19..0> address valid to I/0, 8-bit command setup. 


Setup 8 MHz 84 ns 
Setup 6 MHz 126 ns 


SAO address hold from command. 


HOLD 8 MHz 96 ns 
HOLO 6 MHZ Sts 


SA<19..1> address hold from command. 


HOLD 8 MHz 110 ns 
HOLD 6 MHZ 00s 


CPU write data setup to MWTC- active, 16-bit bus 
memory cycle. 


Setup 8 MHz -5 ns 
Setup 6 MHz +16 ns 


CPU write data setup to IOWC- (16/8-bit), MWTC- 
(8-bit), active. 


Setup 8 MHz 58 ns 
Setup 6 MHz 100 ns 


CPU write data setup to MWIC-, IOWC-, inactive, 16- 
bit bus cycle. 


Setup 8 MHz 245 ns 
Setup 6 MHZ OS 
(Continued) 
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Table 2-21. (Continued) 
CPU write data setup to MWIC-, IOWC-, inactive, 8-bit 
bus cycle. 


Setup 8 MHz 620 ns 
setup 6 MHz 850 ns 


Refresh address setup to MRDC- active 


Setup 8 MHz 76 ns 
Setup 6 MHz 118 ns 


Refresh address hold from MRDC- inactive 


HOLD -5 ns 
Refresh wait state BUSRDY low delay from MRDC- active 


Maximum allowed delay 8 MHz 90 ns 
Maximum allowed delay 6 MHz 132 ns 


Refresh wait state BUSRDY high setup to BCLK rising 


Setup 5 ns 


CPU memory or I/0 command wait state BUSRDY high 
setup to BCLK rising 


Setup 8 MHz 51 ns 
CPU 16-bit memory command wait state 
BUSRDY low delay from command active 


Maximum allowed delay 8 MHz 75 ns 
Maximum allowed delay 6 MHz 117 ns 


(Continued) 


Table 2-21. (Continued) 
CPU 16-bit I/0 command wait state 
BUSRDY low delay from command active 


Maximum allowed delay 8 MHz 12 ns 
Maximum allowed delay 6 MHz 32 ns 


CPU 8-bit command wait state 
BUSRDY low delay from command active 


Maximum allowed delay 8 MHz 387 ns 
Maximum allowed delay 6 MHz 532 ns 


CPU minimum command active from BUSRDY high after 
added wait state. 


Command active 8 MHz 135 ns 
Command active 6 MHz 177 ns 


CPU maximum command active from BUSRDY high after 
added wait state. 


Command active 8 MHz 300 ns 
Command active 6 MHz 382 ns 


CPU 16-bit memory command no wait state NOWS- low 
delay from command active. 


Maximum allowed delay 8 MHz 20 ns 
Maximum allowed delay 6 MHz 41 ns 


CPU 8-bit memory command no wait state NOWS- low 
setup to BLCK falling required. 


Setup required 16 ns 


(Continued) 


Table 2-21. (Continued) 


DMA memory read, I/0 write command additional wait 
state. BUSRDY low delay from memory read command 
active. 


Maximum allowed delay 8 MHz 182 ns 


Maximum allowed delay 6 MHz 265 ns 


DMA I/O read, memory write command additional wait 
state. BUSRDY low delay from I/O read command 
active. 


Maximum allowed delay 8 MHz 273 ns 


Maximum allowed delay 6 MHz 440 ns 


Required I/0 data access time from IORC- for DMA 
write to RAM. 


DMA I/0 read access time 8 MHz 264 ns 
DMA I/O read access time 6 MHz 347 ns 
DATA valid after IOWC- low during DMA read from RAM. 
DMA data valid from IOWC- low 163 ns 
DATA setup to IOWC- high during DMA read from RAM. 
Data setup to IOWC- high 8 MHz 217 ns 
Data setup to IOWC- high 6 Mhz 383 ns 
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2.6 MISCELLANEOUS SYSTEM BOARD 
INFORMATION 


This section contains miscellaneous information that 
does not relate to any of the other sections, such 
as: 


m™ Speed control 

= Real-Time Clock and Configuration-Memory Battery 
B Indicators 

= Fuses 

= Speaker Interface 

™ Clock Circuits 


= System Board Power Requirements 


Speed Control 


The system boards have three speed modes: 


= COMMON - I/O speed = 6 MHz, RAM speed = 6 MHz 


u 
[e<) 
= 
—<c 
N 


=» FAST - I/0 speed = 6 MHz, RAM speed 


i) 
© 
= 
— 
N 


m HIGH - I/0 speed = 8 MHz, RAM speed 
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In the COMMON mode, all memory addresses or bus cycle 
types operate at 6 MHz except: 


m OMA transfers (3 MHz (6 MHz/2)), and 

m 80287 processes (4 MHz (12 MHz/3)) 

The FAST mode operates the system at a faster (8 MHz) 
speed except when this might cause a problem with 
operation of hardware options. In the FAST mode, the 


following memory addresses or bus cycle types 
continue to operate at 6 MHz: 


= Memory with addresses 0A0000h to OEFFFFh 
= Memory with addresses FEQ000h to FFFFFFh 


= All I/0 devices (except DMA transfers and 80287 
processes ) 


= Any 8-bit memory device 


In the FAST mode, the following memory addresses or 
bus cycle types operate at 8 MHz: 


= RAM in base memory (000000h to OSFFFFh) unless it 
is 8-bit 

m RAM in extended memory (100000h to FDFFFFh) unless 
it is 8-bit 

a Standard ROM (0F0000h to OFFFFFh) 

m OMA transfers (half-speed (8 MHz/2)) 

m 80287 processes (5.33 MHz (16 MHz/3)) 

In the HIGH mode, all memory addresses or bus cycle 

types operate at 8 MHz except: 

= 8 bit I/0 or memory devices 

= OMA transfers (half-speed (8 MHz/2)), and 

= 80287 processes (5.33 MHz) 


The speed is controlled by system software through 
the keyboard controller (8042). 


The ES jumper located on the system board (switch 6 
on the DESKPRO 286 with Version 2 System Board) sets 
the speed of the CPU when the system is powered up. 
When ES is in position 1-2, the CPU speed can be 
toggled between COMMON and FAST mode using the 
multiple key combination of Ctrl, Alt,\. When ES is 
in position 2-3, the CPU speed is limited to the 
COMMON mode and use of the multiple key combination 
Ctrl, Alt, \ will not affect the CPU speed. 


The MODE SPE[ED] command overrides the ES setting in 
all cases. 


NOTE: It is possible to restrict the CPU to the 
COMMON 6 MHz speed using the ES jumper. 
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Real-Time Clock and Configuration- 
Memory Battery 


Table 2-22 lists the battery voltage range at the 
battery connector under load condition. 


Table 2-22. Battery Connector Pinout 
Battery Voltage 


Pin Function Min. Max. 
1 +5 Vdc Power 5.0 5.4 
2 Keyed 

5 Not Used 

4 Ground 0.0 0.0 


The voltage for a new battery must not exceed 6.2 V 
open circuit. The current drain on the battery 
varies with the voltage and the clock operating mode, 
but is between 50 to 90 ua after running SETUP. The 
maximum current is less than 150 uA. 


CAUTION 


Only COMPAQ Authorized Dealers 
should replace the system battery. 
Extreme caution must be observed 
to replace the battery with an 
identical battery type and on the 
correct connector pins. 


2-74 80286-Based Products Technical Reference Guide 


Indicators (LEDs) 


The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 system 


boards have a light-emitting diode (LED) that lights 
when the +5 Vdc power is ON. 


Fuses 


The COMPAQ PORTABLE 286 system board and the COMPAQ 
DESKPRO 286 Version 2 system board have no user- 
replaceable fuses. The COMPAQ DESKPRO 286 Version 1 
system board has two (Table 2-23). 


Table 2-23. COMPAQ DESKPRO 286 Version 1 Fuses 
Fl, Keyboard Power Fuse, 2.5A 
F2, Monitor Power Fuse, 2.5A 


Speaker Interface 


The speaker interface allows the speaker to be driven 
from two sources: the 8254-2 interval timer 2, or 
the processor through port 61h bit 1. In addition, 
the 8354 interval timer can be enabled and disabled 
from port 61h bit 0. 


To use the 8254 interval timer to generate a tone, 
program Timer 2 to the desired frequency (the input 
clock rate is 1.193 MHz), and set port 61h bits 0 and 
1 to 1. If the speaker is to be toggled directly by 
the CPU, port 61h bit 0 should be set to 0 and bit 1 
should be toggled. 


Clock Circuits 
The two crystal oscillators on the system board 
provide: 


™ Clock frequencies for the 80286 processor and the 
entire system 


=" A clock source for video color burst signal and 
general timing 


A crystal oscillator provides a 48-MHz frequency that 
is divided by 3 or 4 (software-selected) to provide 
the master clock for the clock-generator interface. 


The clock generator interface further buffers the 12- 
or 16-MHz clock to supply the clocks used by the 
80286, 80287, and other clocked devices. This 
interface also controls the reset signal. System 
reset does not occur until power levels are stable 
(PWRGOOD signal from power supply becomes active). 


A second crystal oscillator on the system board 
provides a 14.31818-MHz (4 times 3.579545 MHz) clock 
signal for color-burst timing. This clock signal 
connects to pin B30 of the board slots for use by 
video controller and other boards. 


System Board Power Requirements 


Both system boards use +5 Vdc, and +12 Vdc power. 
They distribute power for other components of the 
system from the -5 Vdc, -12 Vde and auxiliary +12 Vdc 
provided by the power supply. 
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2.7 GATE ARRAY DEVICES 


The Version 2 system board of the COMPAQ DESKPRO 286 
has three gate array devices: 


= Memory and Speed Control (MSC) Gate Array 
® Clock and Buffer Control (CBC) Gate Array 
= Memory Map (MAP) Gate Array 


The Gate Array Devices allow the size and cost of the 
system board to be reduced by consolidating the 
functions of several devices on the Type 1 system 
board. Both system boards are compatible, and are 
designed to the same programming standards. 


This section describes the Gate Array Devices and 
provides a functional overview of each device. 


MSC Gate Array 


The MSC Gate Array includes the memory decoding and 
speed control functions resident on a Type 1 system 
board in (PALs) MEMCNT1, MEMCNT2, and SPEEDPAL. 


The speed contro] function allows the selection of 
either an 8 MHz clock speed or a 6 MHz clock speed. 
The memory decoding functions include the generation 
of RAS-, CAS-, RAM-, MEMI6, and ROM Enable- with 
multiple RAS and CAS lines for memory bank and hi/lo 
byte selection. In addition, the MSC Gate Array 
serves as a stand-alone memory controller for memory 
expansion boards. 
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CBC Gate Array 2.8 JUMPERS AND SWITCHES 

The CBC Gate Array incorporated the function of the The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 

82284, 82288, and the CTRLPAL on the Version 1 system Version 1 system boards have three jumpers in common. 
board. In addition, the CBC includes the clock The ES jumper determines the CPU speed when power is 
switching/generation logic, generation of automatic applied and allows toggling of CPU through keyboard 
and requested wait-states, shutdown logic, 8/16 bit commands. The ED jumper indicates the primary 

bus conversion, and bus arbitration. display controller used when power is applied. EM is 


reserved for manufacturing test purposes. Table 2-24 
defines the jumper settings. 


MAP Gate Arra 
y Table 2-24. COMPAQ PORTABLE 286 and 


The MAP Gate Array incorporates the functions of the COMPAQ DESKPRO 286 Type 1 Common Jumpers 
Memory Page Register (74LS612), and PALs NCPPAL and Label Setting Description 
PPIPAL on the Type 1 system board. In addition, the ES 023 CPU speed initial setting - 
MAP Gate Array provides the circuitry for PORT B, 6MHz (COMMON) 
SPEAKER and GATE control, REFRESH DETECT, and NMI 1-2 CPU speed toggle active (COMMON/FAST) 
control. ED 2-3 COMPAQ Graphics or RGB video 

controller 

1-2 Non-COMPAQ monochrome/text video 


controller 
EM 1-2 Reserved 


The functions of the ES, ED, and EM jumpers are 
implemented with a switch on the COMPAQ DESKPRO 286 
with Version 2 system board. Table 2-25 defines the 
switch settings. 


Table 2-25. COMPAQ DESKPRO 286 (with Version 2 
system board) Switch SW1 Settings 


SW1 Position Setting Description 


6 CLOSED CPU speed initial setting - 
6 MHz (COMMON) 
OPEN CPU speed toggle active 
(COMMON/ FAST) 
CLOSED COMPAQ Graphics or RGBI 
Video Controller 
non-COMPAQ monochrome/text 
video controller 
7 CLOSED Reserved 
Note: CLOSED = ON, OPEN = OFF 


8 OPEN 


The COMPAQ PORTABLE 286 system board has several 
other jumpers which select the RAM and ROM 
configurations. These jumpers are explained in ‘The 
COMPAQ PORTABLE 286 Memory’ section in this chapter. 
(See Chapter 4 for information on jumper settings 


when using a 512/2048 Kbyte Memory Expansion Board. ). 


The COMPAQ DESKPRO 286 (with Version 1 system board) 
RAM and ROM configuration jumpers are explained in 
Chapter 3, System Memory Board. 
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The COMPAQ DESKPRO 286 (with Version 2 system board) 
has jumpers which select the ROM type. The RAM 
configurations are controlled by switch settings 
(SW1, positions 1 through 5 on system board). These 
jumpers and switch settings are explained in ‘The 
COMPAQ DESKPRO 286 RAM’ section in this chapter. 


2.9 CONNECTORS 


Tables 2-26 through 2-28 list the system board 
connectors. Table 2-29 describes the expansion slot 
signals. Figures 2-20 through 2-39 show the 
connectors on the system boards. 


Table 2-26. System Board Connections 


COMPAQ COMPAQ 
Function PORTABLE 286 DESKPRO 286 
DC _power(In) J116 J117 
Drive power (Out) J114-J115 J111-J112 
Fixed disk drive power J113 J109 or 

J110 (See Note) 

Battery J110 J118 
Keyboard Jlil J116 
Monitor power J112 J113 
Security lock J117 J119 
Speaker J109 J115 


Note: J110 is for an optional fixed disk drive 
back-up or second fixed disk drive. 
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Table 2-27. COMPAQ PORTABLE 286 System Board Table 2-28. COMPAQ DESKPRO 286 System Board 
Expansion Slots Expansion Slots 
Slot 62-Pin 36-Pin Function Slot 62-Pin 36-Pin Function 
1 Ji0l N/A Diskette/Tape Controller 1 J101 J121 Expansion (available) 
2 J102 N/A Video Display Controller 2 J102 N/A Expansion (available) 
3 J103 J106 Fixed Disk Drive Controller 3 J103 J123 Expansion (available) 
4 J104 J107 Expansion (available) 4 J104 J124 Expansion (available) 
5 J105 See Note Expansion (available) 5 J105 J125 See Note 
Note: Connector J108 is not installed. 6 J106 J126 Fixed Disk Drive Controller 


~! 


J107 J127 Video Display Controller 


8 J108 N/A Diskette/Tape Controller 

Note: In the COMPAQ DESKPRO 286 with Version 1 
system board, slot 5 contains the System 
Memory Board. In the COMPAQ DESKPRO 286 with 
Version 2 system board, slot 5 is available 


for expansion. 
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MS Jumper 
J114, Diskette Drive (B) or Fixed Disk 


Drive Back—up Power Connector 


J113, Fixed Disk 


Drive Power Connector J115, Diskette Drive (A) Power Connector 

A SS SS S355 000 00 CL sonar comilt 

[J | | jes al SS Se ee il AOL | | | Battery Sone 

| eeaee ae = imi Pee a ed AL i l J112, Monitor 

ae Eee Es Oe | cece = — Sulu [ Power Connector 
SSS Selo 


J116, Main 
Expansion Power Connector 


Bus Connectors 


|e ee 


— a i! = 
a To] 9 =] Sf = 
J111, Keyboard Connector 
i) P44 Cart I|- 
J105 —J108—— ea 
EM Jumper 
ED Jumper 
ES Jumper 


Figure 2-20. COMPAQ PORTABLE 286 System Board Connectors and Jumpers 
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Table 2-29. Expansion Slot Signals 


Signal Slot 

Name Pin Type Description 

AEN All 0 This output signal when inactive (low) indicates that the CPU or controller board bus master 
has control of the bus. When active, the DMA controller has control of the bus. It is often 


used to disable devices which must not respond during a DMA cycle. 
BALE B28 0 This output signal (when high) indicates that a valid address is present on the LA<23..17> 


address lines. The LA<23..17> address lines or any decodes developed from them should be 
latched at the falling edge of BALE. This line is high when a DMA or bus master operation is 
occurring. 

BCLK B20 0 This output signal is provided to allow synchronization to the main processor clock. Its 
frequency will be either 6 MHz or 8 MHz with a duty cycle of 50/. 

BUSRDY A10 I This input signal is used to lengthen a bus cycle from its standard time if a controller 
board cannot respond quickly enough. It should be pulled low by an open collector type 
device as soon as a slow addressed device is selected and held low until the device has 
responded. Bus cycles are lengthened by an integral number of (BCLK) cycles. This line 
should not be held low for more than 2.5 us. This line should be driven by an open-collector 
device capable of sinking 20 mA. 


DAKO- DO8 0 These output Jines (DMA Acknowledge) indicate that a request for a DMA service from the DMA 
DAK1- B17 0 subsystem has been recognized. The acknowledge is indicated by a LOW on this line. Use this 
DAK2- B26 0 line with the IORC- or IOWC- line to decode the desired DMA device. If used to signal 

DAK3- B15 0 acceptance of a bus-master request, this signal indicates when it is legal to pul] GRAB- low. 
DAK5- D10 0 

DAK6- D12 0 

DAK7 - D14 0 

DRQO DOS ] These input lines are used to request a DMA service from the DMA subsystem or to gain control 
DRQ1 B18 if of the system bus from the main CPU (DMA request). The request is made when the line goes 
DRQ2 B06 I from a low to a high and must remain high until the appropriate DAK<7..5>, <3..0> line goes 
DRQ3 B16 I active. 

DRQ5 D1l ] 

DRQ6 D13 I 

DRQ7 D15 I 


(Continued) 


Table 2-29. 


Signal 
Name 
GRAB- 


GROUND 


IOCHK- 


IORC- 
TOWC- 


T016- 


Pin 
D17 


BOl 
B10 
B31 
018 
A0l 


B14 


B13 


DO2 
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(Continued) 
Slot 


Type Description 
I This input signal is used to indicate that a controller board bus master is controlling the 

bus. A controller board can pull this Jine low when the appropriate DAK line is made active, 
signalling that a master request is granted. The system address, data and control lines wil] 
be floated, allowing the controller board to begin controlling them one full BCLK period 
after GRAB is made active. At least one more full BCLK period should be allowed after 
putting a valid address on the bus before activating any of the control lines. This line 
should be driven by an open-collector device capable of sinking 20 mA. 

a These lines are connected to the system ac and dc ground. The maximum current allowed on any 

-- single contact is 1.5 A. 


I This input signal is used to signal the CPU about parity or other serious errors on 
controller boards. This signal should be driven low by an open collector type output capable 
of sinking 20 mA when an uncorrectable system error occurs. 

1/0 This output line (I/0 read) indicates (when low) when an I/0 device is to send data to the 
data bus. It can be driven by a controller board acting as a bus master. 

I/O This output line (I/0 write) indicates (when low) when an I/O device is to accept the data 
from the data bus. It can be driven by a controller board acting as a bus master. 

I This input line (1/0 is 16 bits) signals the system that the addressed 1/0 device is capable 
of transferring 16 bits of data at once. When this line is made active, during an I/0 read 
or write, the standard one wait state I/0 cycle will be run. This line should be driven low 


by an open-collector device capable of sinking 20 mA. 


IRQ3 
TRQ4 
TRQ5 
IRQ6 
IRQ? 
IRQS 
IRQLO 
IRQI1 
IRQI2 
TRQ14 
IRQIS 


These input lines are used to interrupt the CPU to request some service. The interrupt is 
recognized when the line goes from a low to a high and remains there until the appropriate 
interrupt service routine is executed. 


I 
I 
I 
] 
I 
I 
I 
I 
I 
I 
I 


(Continued) 
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Table 2-29. (Continued) 
Signal Slot 


Name Pin. Type Description 

LA17 C08 1/0 These output signals (Latchable Address) are used to decode memory which must respond with 
LA18 C07. I/0 zero or one wait state. They are only guaranteed to be valid when BALE is high. These can 
LA19 C06 I/0 be driven by a controller board acting as a bus master. 

LA20 COo5 = =I/0 

LA21 C04 =: /0 

LA22 CO3.—s:iI/0 

LA23 C02 1/0 

MRDC- COS. 1/0 This output line (Memory Read) indicates (when low) when a memory device is to send data to 


the data bus. This signal is active over the entire address space of the system. It can be 
driven by a controller board acting as a bus master. 

MWTC- C10 1/0 This output line (Memory Write) indicates (when low) when a memory device is to accept the 
data from the data bus. This signal is active over the entire address space of the system. 
It can be driven by a controller board acting as a bus master. 

M16- DO1 I This input line (memory is 16 bits) signals the system that the addressed memory is capable 
of transferring 16 bits of data at once. When this line is made active, during a memory read 
or write, the standard one wait state memory cycle will be run. This line should be derived 
from the LA<23..17> address lines. This line should be driven low by an open collector 
device capable of sinking 20 mA. 

NOWS- B08 I This input line (No Wait State) is used to inform the system that standard wait states can be 
deleted for cycles when this line is made active. The line must be pulled low 45 ns before 
the falling edge of BCLK in order to be recognized. This line should be driven by an open- 
collector device capable of sinking 20 mA. 

OSC B30 0 This output signal is a clock for use in video color burst and other general timing 
applications. Its frequency is 14.31818 MHz and duty cycle is approximately 50%. 

REFRESH- B19 1/0 This output signal is used to indicate (when low) a refresh cycle in progress. It should be 
used to enable the SA<7..0> address lines to the row address inputs of al] banks of dynamic 
memory so that when the MRDC- goes active, the entire system memory is refreshed at one time. 
It can be driven by a controller board acting as a bus master. 

RESDRV B02 0 This output signal is used to reset the hardware during powerup or power failure. 

(Continued) 
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Table 2-29. (Continued) 


Signal 
Name 
SA0 
SAl 
SA2 
SA3 
SA4 
SA5 
SA6 
SA7 
SA8 
SAS 
SA10 
SALI 
SAl2 
SA13 
SA14 
SA15 
SA16 
SA17 
SA18 
SA19 


SBHE- 


SDO 
SD1 
sD2 
SD3 
SD4 
SD5 
SD6 
5D7 


Slot 

Pin Type Description 

A31 1/0 These bidirectional signals address memory or I/0 devices within the system. They form the 
A30 1/0 Jow order 20 bits of the 24 bit address bits that the system offers. These lines are enabled 
A29 1/0 onto the bus while BALE is high and are latched when BALE goes from a high to a low state. 
A28 1/0 These can be driven by a controller board acting as a bus master. 


A27—I/0 
A26 1/0 
A25 1/0 
A24 1/0 
A23 1/0 
A22 1/0 
A21 1/0 
A20 = 1/0 
A19=—-1/0 
Al8 1/0 
Al7 1/0 
Al6 1/0 
Al5 1/0 
Al4 1/0 
Al3 1/0 
Al2 1/0 


COl 1/0 This output signal (System Bus High Enable) indicates (when low) that the high half of the SD 
data bus should transfer the data on boards which support the full 16-bit data bus. It can 
be driven by a controller board acting as a bus master. 

AOS I/0 These bidirectional signals are the low 8 bits of the system data bus. They should be used 

A0Q8 1/0 exclusively by all eight bit devices to transfer data. Sixteen-bit devices should use these 

AQ7 I/0 Jlines to transfer only the low half of a data word when the address line AQ is low. These 

A06 I/0 can be driven by a controller board acting as a bus master. 


A05 1/0 
A04—-/0 
A03. =: I/0 
Ad2 1/0 


(Continued) 
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Table 2-29. (Continued) 
Signal Slot 


Name Pin Type Description 

SD08 C11 [/0 These bidirectional signals are the high 8 bits of the system data bus. Sixteen bit devices 
SD09 C12 1/0 should use these lines to transfer the high half of a data word when the line SBHE- is low. 
$D10 cis I/O These can be driven by a controller board acting as a bus master. 

$011 C14 =1/0 

SD12 C15 I/0 

$D13 C16 =I/0 

$D14 Ci7 1/0 

SD15 Cig = I/0 

SMRDC- B12 0 This output line (Standard Memory Read) is active (low) only when an address from 000000h to 


OFFFFFh is decoded. This line is derived from MROC-. 
SMWTC- Bll 0 This output line (Standard Memory Write) is active (low) only when an address from 000000h to 
OFFFFFh is decoded. This line is derived from MWTC-. 


T/C B27 0 This output signal (when high) indicates that the Terminal Count of a DMA operation has been 
reached. It should be decoded with the appropriate DAKx line for proper operation. 
+5 Vdc B03 -- These lines are connected to the system power supply for 5 volts. In addition to the maximum 
B29 -- current available from the supply, the maximum current allowed on any single contact 
D16 6. 48° 105 As 
-5 Vde BOS -- This line is connected to the system power supply for minus 5 volts. This supply is intended 
for low-current usage only (500 mA). 
-12 Vde B07 -~ This line is connected to the system power supply for minus 12 volts. This supply is 
intended for low-current usage only (1.0 A). 
+12 Vdc B09 -- This line is connected to the system power supply for 12 volts. In addition to the maximum 


current available from the supply, the maximum current allowed on this contact is 1.5 A. 


a ee — a ee ee eee 
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The 36-pin connector conducts the high-order byte of Figure 2-22 shows the 62-pin connector and the 
the 16-bit data bus, the memory address lines for signals that it provides. 
bits DAK<7..5>, LA<23..17>, signals, and more. These Signal Pin Pin Signal 
signals generally relate to 16-bit or high-address GROUND IOCHK— 
memory transfers. RESDRV SD7 
+5 Vde SD6 
The 62-pin connector conducts the signals needed by IRQS SDS 
adapters that do not need word-length data transfers <0. de 3D4 
DRQ2 SD3 
or access to more than the base 1 MB of memory. Sao wae ene 
NOWS-— SD1 
Figure 2-21 shows the 36-pin connector and the 412 Vde SDO 
signals that it provides. GROUND BUSRDY 
Signal Pin Pin Signal SMWTC— AEN 
SMRDC— SA19 
M16— SBHE-— lowC— SA18 
ONO LA2ZS lORC— SA17 
IRQ10 LA22 DAK3— SA16 
IRQ11 LA21 DRQ3 SA15 
IRQ12 LA20 DAK1-— SA14 
IRQ15 LAI9 DRQ' SA13 
IRQ14 LA1B REFRESH— SA12 
DACKO— LAI7 BCLK SA11 
DRQO MRDC— IRQ7 SA10 
DACK5— MWTC— OO ae 
DROS _ IRQ5 SAB 
DACK6— SD9 mee ore 
IRQ3 SA6 
DRQ6 $D10 DAK2— SA5 
DACK /— $D11 T/C SA4 
DRQ?7 $D12 BALE SA3 
+5 V SD13 +5 Vde SA2 
GRAB— $D14 OSC SA1 
SIGNAL GROUND SD15 SIGNAL GROUND SAO 
Figure 2-21. Expansion Slot - 36-Pin Connector Figure 2-22. Expansion Slot - 62-Pin Connector 
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+5 Vde 
Ground 

No Connection 
SPK DRV 


& GN > 


Figure 2-23. J109, COMPAQ PORTABLE 286 Speaker 


Connector 
1 Battery + V 
2 Key 
) No Connection 
4 Ground 


Figure 2-24. J110, COMPAQ PORTABLE 286 Battery 


Connector 
Ground 6 3 +5 Vde 
+12 Vde 5 2 KBDDATA 
Ground 4 1 KBDCLK 


Chassis Ground 


Figure 2-25. J111, COMPAQ PORTABLE 286 Keyboard 
Connector 


Figure 2-26. 


Figure 2-2/7. 


Key 

Ground 

+12 Vde MON 
+12 Vdc MON 
Ground 

Key 


ON eWNhNH 


J112, COMPAQ PORTABLE 286 Monitor 
Connector 


+5 Vde 
Key 

+12 Vdc 
Ground 
Ground 


ObGWNh - 


J113, J114, and J115, 
COMPAQ PORTABLE 286 Drive Power 
Connectors 
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1 +5VRST (Not Used) 
2 PWRGOOD 

3 Key 

4 +5 Vde 

5 +5 Vdc 

6 +5 Vde 

7 +5VS 

8 Ground 

9 Ground 

10 Ground 

11 Ground 

12 Ground 

13 —5 Vde 

14 —12 Vdc 

15 +12 Vde (MF) 
16 +12 Vde (MF) 
17 +12 Vde (MON) 

Note: The maximum current for a single conductor (pin) 1 Enable Keyboard 
must not exceed 5.0 A per line for +5 Vdc or 2 Ground 
4.0 A for other lines. 

Figure 2-28. J116, COMPAQ PORTABLE 286 Main Power Figure 2-29. J117, COMPAQ PORTABLE 286 Security Lock 

Connector Connector 
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J118, Battery Connector 


J109, Fixed Disk Drive Power Connector 
EM Jumper 


J111, J112, Diskette Drive 


Power Connector ED Jumper 


J113, Monitor Power Connector ES Jumper 
J117, Main 
Power Connector 


J110, Fixed Disk 

Drive Back—up or 
Second Fixed Disk 
Drive Power Connector 
Power Fuse 

F2, 2A Monitor 


Expansion Bus 


Connectors 


J115, Speaker 
Connector 


J119, Security 
Lock Connector 


J116, Keyboard 
Connector 


Fl, 2A Keyboard 
Power Fuse 


Note: Style of keyboard connector may vary with revision 
of system board, but pinouts remain the same. 


Figure 2-30. COMPAQ DESKPRO 286 Version 1 System Board Connectors and Jumpers 
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J111, J112, Diskette Drive Power Connector 


J110, Fixed Disk Drive Backup 
or Second Fixed Disk Drive Power Connector 


J109, Fixed Disk Drive Power Connector 
J117, Main Power 
Connector J118, Battery Connector 


ae eas | a 
1113, Monitor | — SICH ED: | I | MR === 

ower eel ea — 
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3 Ss S33 SS Sa 
ee =) 
102 = ee | a | ae = = 
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=a) Gar es IL I 


J119 
Security Lock 
Connector 


UUUUO U0 


J115, Speaker 
SW1 Switch Connector 


J116, Keyboard Connector 


Figure 2-31. COMPAQ DESKPRO 286 Version 2 System Board Connectors and SW1 Location 


CO 
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1 +5 Vde 
2 Key 1 +5 Vde 
3 +12 Vde (Aux) 2 Ground 
4 Ground ) Key 
5 Ground 4 SPK DRV 
Figure 2-32. J109 and J110, COMPAQ DESKPRO 286 Fixed Figure 2-35. J115, COMPAQ DESKPRO 286 Speaker 
Disk Drive or Fixed Disk Drive Back-up Connector 
Power Connector 
1 +5 Vdc 
2 +5 Vde 
1 +5 Vde 3 Key 
2 Key 4 KBD DATA 
3 +12 Vde (Main) 5 Ground 
4 Ground 6 Ground 
5 Ground 7 KBD CLOCK 
Figure 2-33. Jl1il and J112, COMPAQ DESKPRO 286 Figure 2-36. J116, COMPAQ DESKPRO 286 Keyboard 
Diskette Drive Power Connectors Connector 
1 +12 Vde (Main) 
2 Key 
3 Ground 
4 Ground 
5 Ground 


Figure 2-34. J113, COMPAQ DESKPRO 286 Monitor Power 
Connector 


+5VRST (Not Used) 
PWRGOOD 

No Connection 
+12Vde (Aux) 
—12 Vdc 
Ground 

Ground 

Ground 

Ground 

—5 Vde 

+5 Vde 

+5 Vdc 

+5 Vde 

+5VS 

+12 Vde (Main) 
+12 Vde (Aux) 
+12 Vde (Aux) 
+12 Vde (Main) 
Ground 

Ground 


ROO as ss se esa es ei ss 
OWOWMWNYNMAUAWNHA OW ANONUAWD = 


Note: The maximum current for a single conductor (pin) 
must not exceed 5.0 A per line for +5 Vdc or 
4.0 A for other lines. 


Figure 2-37. J117, COMPAQ DESKPRO 286 Main Power 
Connector 
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Battery + V 
Key 

No Connection 
Ground 


ek WN > 


Figure 2-38. J118, COMPAQ DESKPRO 286 Battery 
Connector 


1 Enable Keyboard 
2 Ground 


Figure 2-39. J119, COMPAQ DESKPRO 286 Security Lock 
Connector 
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2.10 COMPONENT LAYOUTS AND SCHEMATICS 


Figure 2-40 shows the component layout for the COMPAQ PORTABLE 286 system board. Figure 2-41 shows the schematics 
for the COMPAQ PORTABLE 286 system board. Compaq Computer Corporation does not guarantee the accuracy of the 
component layout or the schematics. They are provided to aid in a general understanding of the system operation. 
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Figure 2-40. COMPAQ PORTABLE 286 System Board Component Layout (Page 1 of 1) 
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Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 1 of 7) 
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Figure 2-42 shows the component layout for the COMPAQ DESKPRO 286 Version 1 System Board. Figure 2-43 shows the 
schematics for the COMPAQ DESKPRO 286 Version 1 System Board. Compaq Computer Corporation does not guarantee the 


accuracy of the component layout or the schematics. They are provided to aid in a general understanding of the 
system operation. 


DMA Controllers (8237A—5) DMA Memory Page Register (74LS612) 
Interrupt Priority Encoders (8259) Real-Time Clock (MC146818) 
Power-On LED Interval Timer (8254) 
Fuse for Monitor Power Keyboard Controller (8042) 
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Figure 2-42. COMPAQ DESKPRO 286 Version 1 System Board Component Layout (Page 1 of 1) 
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Figure 2-43. COMPAQ DESKPRO 286 Version 1 System Board Schematics (Page 1 of 8) 
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Figure 2-44 shows the component layout for the COMPAQ DESKPRO 286 Version 2 System Board. Figure 2-45 shows the 
schematics for the COMPAQ DESKPRO 286 Version 2 System Board. Compaq Computer Corporation does not guarantee the 
accuracy of the component layout or the schematics. They are provided to aid in a general understanding of the 
system operation. 
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NOTES UNLESS OTHERWISE SPECIFIED: 
1. ALL RESISTOAS ARE 1/4 WATT, 5% 
(2) COMPONENT NOT INSTALLED 


(3) SWITCH SETTINGS: 


[POS 4 | RAM IC TYPE 
OFF USE 256K x 4 RAMS 
x[ ON | USE 64k x 1 RAMS 


BASE MEMOAY SIZE (0-640K) 


LIMIT BASE MEMORY TO 256K 
LIMIT BASE MEMORY TO 512K 
ENABLE ALL BASE MEMORY (640K) 


POS 5 | EXPANSION MEMOAY SIZE (1-2.5mM) 
ON NO EXPANSION MEMOAY 

OFF ENABLE BANK 2 (i-2.5m) 
ON ENABLE BANKS 2, 3 (41-2m) 


UNUSED GATES 


OISPLAY TYPE 
AGB COMPAG) 
MONOCHROME 


POS 1 = ON AEGUIAES POS 4 = OFF 
AND POS 5 #= OFF TO INSURE THAT 
POS 2 AND POS 3 FUNCTION PROPERLY 
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Chapter 2, Part 2 
SYSTEM BOARD (12-MHz ONLY) 


2.11 THE 12-MHz COMPAQ 
DESKPRO 286 PERSONAL 
COMPUTER 


This chapter describes the theory of operation for 
the COMPAQ DESKPRO 286 Personal Computers with a 
12-MHz 80286 Central Processing Unit (CPU). 


Included in the description are: 


m CPU and CPU support circuitry, which control and 
monitor the system. 


= Memory system, which controls access to and from 
the system random-access memory (RAM) and access 
from the system read-only memory (ROM). 


= Programmable devices are hardware devices that are 
on the system board and that can be controlled or 
monitored by software. 


=™ The expansion bus and bus functions allow system 
access to hardware options that may be installed 
in the system. Hardware options may include 
display controllers, communications devices, and 
additional memory. 
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Information also included in this chapter: 


= Miscellaneous system board information, such as 
fuses and indicators 


= Jumpers 
= Connectors 
® Schematics 


Figure 2-46 is a functional block diagram of the 
system board. 
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2.12 CPU AND CPU SUPPORT 


The 80286 microprocessor uses three buses, the 24-bit 
address bus, the 16-bit data bus, and the control bus 
to communicate with and contro! the system. 


All devices outside the 80286 microprocessor are 
addressed as either memory-mapped devices or I/0- 
mapped devices. 


To reset the 80286, apply power to the system board 
or simultaneously press the CTRL+ ALT+ DEL keys. 
Once the CPU is reset, it addresses the ROM for 
instructions. The initial boot instructions in ROM 
check the system RAM and ROM for errors (checksums), 
then initialize the system. 


System initialization, or restart of the system, 
includes loading the desired starting values into the 
programmable devices, such as the keyboard 
controller, the video controller, the RAM, and the 
CPU. 


After system initialization, the CPU loads the disk 
operating system (DOS) into memory from the diskette 
or fixed disk drive. The DOS is a program that 
manages and provides a consistent programming 
interface to the hardware. 


Included in this category are the: 

= Clock generator and READY interface 
= System control circuitry 

# 80287 numeric coprocessor 


= Clock function 


Figure 2-47 shows a functional block diagram of the 
CPU and CPU support circuitry. 
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Clock Generator and Ready Interface 


The clock generator and READY interface receives an 
input clock signals from an oscillator circuit and 
generates the clock signal for the 80286 CPU, the 
80287 coprocessor, and the system control circuitry. 
The clock generator and READY interface also monitors 
the power good (PWRGOOD) signal from the system power 
supply to control the system reset functions. 


System Control Circuitry 


The system control circuitry decodes the status 
signals SO, S1, and M/IO-, and other inputs, such as 
CEN/AEN, and READY-, to control the system bus. 


Table 2-30 shows the bus cycle status definition for 
the status signals. 


Table 2-30. Bus Cycle Status Definition 


M/I0- SO Sl+___Type of Bus Cycle 


0 0 0 Interrupt Acknowledge 
1/0 Read (Ports) 


1 

0 I/0 Write (Ports) 
1 None: Idle 

0 Halt or Shutdown 
1 Memory Read 

Q Memory Write 
1 None: Idle 


melee lS Lol olo 
HJR [Olof |-|o 


80287 Numeric Coprocessor (Optional) 


The 80287 Numeric Coprocessor is a high-performance 
numeric processor extension of the 80286, adding 
floating-point, extended integer, and BCD data-type 
support. 


The 80287 automatically executes all numeric 
instructions as they are received. The 80287 
responds to particular I/0 addresses (00F8h, OOFAh, 
and OOFCh) automatically generated by the 80286. 


The 80287's ERROR- signal is connected to IRQ13 

(INT 75h). The BIOS interrupt handler for INT 75h 
routes this interrupt to INT 02h, which is the actual 
routine for coprocessor exceptions. This method 
provides compatibility with 8088/8086-coprocessor 
exceptions and prevents interference with the video 
I/O interrupt, INT 10h. 


A socket on the system board holds the 80287 
coprocessor. The 80287 coprocessor operates at 8 
MHz. 


Clock Function 


The COMPAQ DESKPRO 286 Personal Computer with a 

12 MHz 80286 offers the choice of a 12-MHz/8-MHz 
switching system clock for improved processing speed 
or a fixed 8-MHz system clock to maintain 
compatibility with slower systems. 


2.13 MEMORY SYSTEM 


Memory Address Decoding 


The 80286 uses addresses <A23..A0> and control line 
M/10- to specify memory locations. The address and 
control lines are decoded to specify memory areas for 
the system RAM and ROM 

The memory system includes: 

= Memory address decoding 

# Memory support 

=" Memory system (RAM & ROM) 

Expansion boards such as memory, disk, or video must 


have their own devices to decode the I/0 or memory 
space for that board. 


Figure 2-48 shows a simplified block diagram of 
memory address decoding for the system board. 
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The memory decoder uses the REFRESH-, MRDC-, 

MWTC-, BALE, and address lines LA23 through LA1/7 to 
generate the MEM16-, RAM-, ROM-, RAS-, and CAS- 
signals. 


The 16-bit 80286 microprocessor can read data from 
memory as bytes (8 bits) or words (16 bits). When it 
reads a word on an an even boundary, an even-numbered 
address is generated, and the CPU simultaneously 
reads that address and the one above it (Figure 2- 
49). 


Odd—numbered, 
High—order Byte 


Even—numbered, 
Low-—order Byte 


Byte FFFFh (64K) Byte FFFEh (64K-—1) 


Byte 0002h 
Byte 0000h 


Byte 0003h 
Byte 000th 


Figure 2-49. A 16-Bit Word Divided into Two Bytes 


Two CPU cycles are required to read a word on an odd 
boundary. The next lower even-numbered address is 
given first by the CPU, and the high-order byte of 
that location becomes the low-order 8 bits of the 
word. The next higher even-numbered address is then 
given by the CPU, and the low-order byte of that 
location becomes the high-order 8 bits of the word. 


Memory Support 


Dynamic memory devices (RAM) require support 
circuitry to: 


= Control the devices, using the CAS-, RAS-, and WR- 
signals 


= Multiplex the address lines into the RAM 

= Buffer the data lines 

= Refresh the memory cells 

The delay line generates the ENDRAS and STARTCAS 


signals and the signals that control the address 
multiplexing. 


Three AM2966 devices buffer the address lines and 
sequentially present the high- and low-order address 
lines to the RAM. The delay line controls the timing 
for this multiplexing operation. 


Two 74F245 chips buffer the data between the RAM and 
the data bus. 


Memory refresh is controlled by the CBC and MSC gate 
arrays. During memory refresh, every cell of every 
memory location is recharged. 


Memory System 


The 12-MHz COMPAQ DESKPRO 286 has five banks for RAM, 
two 16K x 8-bit system ROMS, and two sockets for 
additional ROM. 
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Random Access Memory (RAM) 


The 12-MHz COMPAQ DESKPRO 286 has 128 Kbytes of RAM 
soldered in the first bank (Bank 0). The four 
remaining banks (Banks 1 through 4) are socketed so 
that either 64K x 1-bit or 256K x l-bit RAMS may be 
used. Memory must be expanded in full-bank 
increments (18 RAM devices) in contiguous and 
ascending order, using the same RAM type (64K or 
256K). 


SW1 position 1 indicates the type of RAM in banks 1 
through 4. When banks 1 through 4 are filled with 
64K x 1-bit RAMs, SW1 position 1 must be CLOSED. 
When banks 1 through 4 are filled with 256K x 1-bit 
RAMS, SW1l position 1 must be OPEN. 


NOTE: When SW1 position 1 is closed, positions 4 
and 5 must both be open. 


SW1 positions 2 and 3 limit the amount of base memory 
on the system board so that conflicts with expansion 
memory boards can be avoided. These two switches 
limit memory, as shown in Table 2-31, regardless of 
the type of RAM in banks 1 through 4. 
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Table 2-31. Base Memory Size Switch (SW1) Settings 

SW1 Total Address 

Position 2 Position 3 Base Memory (Note) Ranges 
CLOSED CLOSED Disabled RAM 


and ROM on 
System Board 
CLOSED OPEN 256k 0-256 KB 
OPEN CLOSED 512k 0-512 KB 
OPEN OPEN 640k 0-640 KB 
Legend: Closed = ON 
Open = OFF 


Note: Total base memory indicates maximum 
addressable base memory on the system board 
regardless of amount of RAM installed. 


SWl positions 4 and 5 enable/disable banks 2 through 
4. These switches should be used to limit the amount 
of expansion memory on the system board when 

256K x l-bit RAMS are used to fill banks 1 through 4. 
Table 2-32 gives the switch settings for expansion 
memory. 


Table 2-32. Expansion Memory Size Switch (SW1) 


Settings 
Total 
SWI Expansion 
Banks Memory § Address 
Position 4 Position 5 Enabled (Note 1) Range 
CLOSED CLOSED None None - 
CLOSED OPEN 2 512K 1.0-1.5 MB 
OPEN CLOSED 2,3 1024K 1.0-2.0 MB 
OPEN OPEN 2,3,4  1536K 1.0-2.5 MB 
Legend: CLOSED = ON 
OPEN = OFF 


Notes: 1. Total expansion memory indicates maximum 
addressable expansion memory on the system 
board regardless of amount of RAM 
installed. 

2. SWl positions 4 and 5 should both be OPEN 
when 64K x 1-bit RAMS fill banks 1 through 
4 to ensure that SW1 positions 2 and 3 
operate correctly. 


System Board (12-MHz Only) 2-137 


Total 
Memory 


128 KB 


256 KB 


384 KB 


512 KB 


640 KB 


1152 KB 


1664 KB 


2176 KB 


Memory 
Range 
000000h 


O1FFFFh 
020000h 


OSFFFFh 
040000h 


OSFFFFh 
060000h 


O7FFFFh 
080000h 


OSFFFFh 
OAO0000h 


OFFFFFh 
100000h 


17FFFFh 
180000h 


1FFFFFh 
200000h 


27FFFFh 


Figure 2-50. 


Banks 1-4 


filled with 


64K x 1 RAMS 


System Board Memory Configurations 


Banks 1—4 


filled with 


256K x 1 RAMS 


This memory space is reserved for ROMS and 


memory—mapped boards, such as video display controllers. 


Use SWI positions 2 and 3 
to disable RAM In this 
address space. 


Use SW1 positions 4 ond 5 
to disable RAM in this 
address space. 
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The system board uses COMPAQ-approved 64K x 1-bit or 
256K x 1l-bit dynamic RAM devices with a response time 
of 100 ns or faster. (CAS access time must be 50 ns 
or faster.) 


Read Only Memory (ROM) 


The system board has four 28-pin sockets for ROM or 
EPROM. The ROM sockets are addressed as two pairs, 
each 16 bits wide and designated as ROM Set 1 (always 
present and including address OFFFFOh or FFFFFOh) and 
system ROM SET 2 (located in the address space 64 KB 
below ROM Set 1). 


ROM Set 1 controls the initial system operation 
(resetting and initializing the system). This code 
is known as the BIOS (basic input output system). 
Installed in the two ROM Set 1 sockets are 

16K x 8-bit devices, one containing all even bytes 
and the other containing al] odd bytes. The two ROM 
Set 2 sockets are empty and permit future expansion. 


ROMs can be, by pairs, either 8K, 16K, or 32K x 8 
bits in size and can be either static or dynamic. 
ROM Set 1 occupies the 64-Kbyte space at address 
OF0000h through OFFFFFh and identically at address 
FFO000h through FFFFFFh. ROM Set 2 occupies the 64- 
Kbyte space at address 0£0000h through OEFFFFh and 
identically at address FEQ000h through FEFFFFh. 


When 32K x 8-bit ROMs are used, the pair of ROMs fill 
the entire 64-Kbyte address space. When 16K x 8-bit 
ROMs are used, the most-significant address bit is 
not decoded, so the ROMs are double-mapped into two 
identical 32-Kbyte sections of the 64-Kbyte address 
space. 


Similarly, when 8K x 8-bit ROMs are used, the two 
most-significant address bits are not decoded, so the 
ROMs are quadruple-mapped into four identical 16- 
Kbyte sections of the 64 KB address space. 


Jumpers 


Two jumpers (£1 and £2) are provided to enable use of 
a variety of types of ROM for special applications. 


Table 2-33 gives the jumper settings and resulting 
configuration for each type of ROM. 


Table 2-33. Jumper Settings for ROM Sets 1 and 2 
ROM Set 1 = £1 


ROM Set 2 = E2 


Jumper Settings ROM Type 


1-2 4-5 7-8 8K x 8, Static ROM, 150 ns 
2-3 4-5 7-8 16K x 8, Static ROM, 150 ns 
1-2 5-6 7-8 Invalid 

2-3 5-6 7-8 32K x 8, Static ROM, 150 ns 
1-2 4-5 8-9 8K x 8, Dynamic ROM, 150 ns 
2-3 4-5 8-9 16K x 8, Dynamic ROM, 150 ns 
1-2 5-6 8-9 Invalid 

2-3 5-6 8-9 32K x 8, Dynamic ROM, 150 ns 


No jumper headers are installed. The jumpers are 
etched on the solder side (bottom) of the board in 
the following configurations: 


ROM Set 1:16K x 8-bit Static ROM (El: 2-3, 4-5, 7-8) 
ROM Set 2:32K x 8-bit Dynamic ROM (E2: 2-3, 5-6, 8-9) 


NOTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 


Changing the jumper settings requires cutting the 
conductor on the solder side (bottom) of the board to 
disconnect any unwanted jumpers, then soldering 
wire(s) to jumpers as desired. 
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2.14 PROGRAMMABLE DEVICES 

The system BIOS controls the following system board 
programmable devices: 

=" Direct memory access (DMA) controllers 

= DMA memory page register 

= Real-time clock and configuration memory 

™ Keyboard controller 


= Interval timer 


= Interrupt priority encoder 


These devices are all I/O mapped. Commands and 
opcodes are directed to the appropriate device by the 
1/0 port decoding circuitry. Table 2-34 summarizes 
the port addresses used by the devices on the system 
board. 
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Table 2-34. System Board 1/0 Map 


Address Bits 
Port 98 7654 3210  £4Device 
OOh..0Fh 00 000X YY YY  8237A-5 Byte DMA Controller 
20h..2Ih_ 00 001X XXX Y_  8259A Interrupt Controller 1 
40h 00 010X XX00 ~ 8254-2 System Clock (Timer 0) 
Alh 00 010X XX01 8254-2 Refresh Request (Timer 1) 
42h 00 010X XX10 8254-2 Speaker Tone (Timer 2) 


43h 00 010X XX11 8254-2 Command Mode Register 
60h 00 0110 X0X0-— 8042 Date I/0 Register 

61h 00 0110 XXX1__ Port B/C Input/Outputs 

64h 00 0110 X1xX0 8042 Status/Command Register 

70h 00 0111 XXX0~— RTC Address Register (Bits <5..0>) 

70h 00 0111 XXXO0 NMI Enable Register (Bit <7>) 

71h 00 0111 XXX1_ RTC Data I/0 Register 

80h 00 100X 0000 DMA Page Register Spare 

81h 00 100X 00041 DMA Page Register CH 2 Page 

82h 00 100X 0010 _ DMA Page Register CH 3 Page 


83h 00 100X 0011 ~~ DMA Page Register CH 1 Page 


84h 00 100X 0100 DMA Page Register Spare 
85h 00 100X 0101 __DMA Page Register Spare 
86h 00 100X 0110 _ DMA Page Register Spare 


87h 00 100X 0111 ODMA Page Register CH 0 Page 


88h 00 100X 1000 DMA Page Register Spare 


(Continued) 
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Table 2-34. (Continued) 
Address Bits 
Port 98 7654 3210  £4zDevice 


89h 00 100X 1001 DMA Page Register CH 6 Page 
8Ah 00 100X 1010 __ODMA Page Register CH 7 Page 
8Bh 00 100X 10141 _ £=2OMA Page Register CH 5 Page 
8Ch 00 100X 1100 DMA Page Register Spare 

8Dh 00 100X 1101 __DMA Page Register Spare 

8Eh 00 100X 1110 __DMA Page Register Spare 

8Fh 00 100X 14111 -~ #=4ODMA Page Register Refresh Page 


AOh..Alh 00 101X XXX Y __8259A Interrupt Controller 2 
COh..CFh 00 110Y YYYX  8237A-5 Word DMA Controller 


FOh 00 111X OXX0O Clear Numeric Processor Busy 
Flh 00 111x OXX1 Reset Numeric Processor 


F8h..FFh O00 11411 #1 /Y YX 80287 Command Ports 


Legend: X = Don't care. The value of these bits does not affect 
the I/0 address decoding. 


Y = Register dependent. 
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I/O Port Decoding 


The 80286 uses address (A<15...0>) and control lines 
(M/10-) to specify I/0 operations. Although the 
80286 uses 16 bits for an I/O address, the system 
board and expansion boards use only 10 bits; 
(A<9...0>), therefore I/0 space is limited to 3FFh. 
The address and control lines are decoded to provide 
chip selects and addresses for the system board [/0- 
mapped devices (DMA controllers, real-time clock, and 
interval timer). 


Each expansion board such as memory, disk, and video, 
must have its own device to decode the I/0-mapped 
devices for that board. Figure 2-51 shows a 
simplified block diagram of I/0 port decoding for the 
system board. 


Control 
80286 | Bus Bus 
PU 
: Controller 
Control 
Add Bus 
ecree= DMA Controllers 
Bus 
DMA Memory 
Page Register 
Interval Timer 
|/O 
Decoder Keyboard Controller 


Interrupt Priority 
Encoders 


Real—Time Clock ond 
Configuration Memory 


Controller Boards 


Figure 2-51. I/0 Address Decoding Simplified 
Block Diagram 


Direct Memory Access Controllers 


Direct memory access (DMA) is a method of directly 
accessing memory without involving the CPU. DMA is 
normally used to transfer blocks of data to or from 
an I/0 device. OMA reduces the amount of CPU 
interactions with memory, freeing the CPU for other 
processing tasks. 


The system board uses two Intel 8237 DMA controllers; 
each with four bidirectional data channels. The DMA 
controllers operate at 4 MHz. DMA Controller 1 is 
used for byte (8-bit) data transfers. DMA Controller 
2 is used for word (16-bit) data transfers. Unlike 
the CPU, DMA Controller 2 can only transfer words on 
an even boundary. Table 2-35 lists the function 
assigned to each DMA channel. 


Table 2-35. DMA Channels Assigned to the Controllers 
Channel Function 


Controller 1 (Byte Transfers) 


0 spare 

1 SDLC (Communications) 

2 Diskette Data Transfers 
3 Spare 


Controller 2 (Word Transfers) 

4 Cascade for Controller 1 
Spare 
Spare 

] spare 
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The DMA controllers hold (or define) only 16 bits of 
the 24-bit address. The other 8 address bits are 
generated by the MAP gate array. See the “DMA Memory 
Page Register’ section for more information. Figure 
2-52 shows memory address derived from page register 
and DMA register contents. 


24-Bit Address — Controller 1 — Byte Transfers 


Page Register DMA Controller 


8 Bits 16 Bits 


A23<——> A116 Als <7 A0 


23-—Bit Address — Controller 2 — Word Transfers 


Page Register DMA Controller 
7 Bits 16 Bits 


A23<—— A117 AS AI 


Figure 2-52. Memory Address Derived from Page 
Register and DMA Register Contents 


2-144 80286-Based Products Technical Reference Guide 


Al6 from the DMA memory page register is disabled 
when DMA Controller 2 is selected. AO is not 
connected to DMA Controller 2. AO is always 0 when 
word-length transfers are selected. This arrangement 
means that the size of the block of data that can be 
moved or addressed is measured in 16-bit words rather 
than in 8-bit bytes. 


Since the DMA controllers only contain 16 bits of the 
24-bit address, they can move blocks of data only 
within their ability to address that data. 

DMA Controller 1 can move up to 64 Kbytes of data. 
DMA Controller 2 can move up to 64K words, or 128 
Kbytes of data. 


The DMA controllers are complex devices with several 
registers for commands and status. Table 2-36 lists 
the I/O map and the commands and formats of the 
registers. 


Transferring Data from I/O Devices 
to Memory 


DMA controllers and I/0 devices use the DRQx and DAKx 
signals as “handshaking. When an I/0 device has a 
byte or word of data to send, the I/0 device makes 
its DRQx line active. When the DAKx line from the 
DMA controller becomes active, the device puts its 
data on the data bus. 


Transferring Data from Memory to 
Memory 


The hardware does not support memory-to-memory block 
transfers. 


NOTE: After power-on, it is recommended that all 
Command, Mode, and Mask registers be loaded 
with valid values to ensure proper operation 
of the device. 


Table 2-36. 


DMA Controller Registers 


Port Addresses 
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Register Function Bits Cntlr 1 Cntlr 2 Read/Write 
Status 8 08h DOh Read 
Command 8 08h DOh Write 
Mode 6 OBh D6h Write 
Write Single Mask Bit 4 0Ah D4h Write 
Write All Mask Bits 4 OFh DEh Write 
Software DRQx Request 4 09h D2h Write 
Base and Current Address - CH 0 16 00h COh Write 
Current Address - CH 0 16 00h COh Read 
Base and Current Word Count - CH 0 16 Oih C2h Write 
Current Word Count - CH 0 16 Olh C2h Read 
Base and Current Address - CH 1 16 02h C4h Write 
Current Address - CH 1 16 02h C4h Read 
Base and Current Word Count - CH 1 16 03h C6h Write 
Current Word Count - CH 1 16 03h C6h Read 
Base and Current Address - CH 2 16 04h C8h Write 
Current Address - CH 2 16 04h C8h Read 
Base and Current Word Count - CH 2 16 05h CAh Write 
Current Word Count - CH 2 16 05h CAh Read 
Base and Current Address - CH 3 16 06h CCh Write 
Current Address - CH 3 16 06h CCh Read 
Base and Current Word Count - CH 3 16 07h CEh Write 


(Continued) 
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Table 2-36. (Continued) 
Port Addresses 


Register Function Bits Cntr] 1 Cntri 2 Read/Write 
Current Word Count - CH 3 16 07h CEh Read 
Temporary 16 ODh DAh Read 
Reset Pointer Flip-flop (Notes 1,2) OCh D8h Write 
Master Reset (Note 2) ODh DAh Write 
Reset Mask Register (Note 2) OEh DCh Write 


Notes: 1. See “RESET POINTER FLIP-FLOP" for an explanation of 16-bit data transfers to the DMA controllers. 
2. This is not a register, but a direct command to the DMA Controller. 


STATUS 


The STATUS register bits are set (= 1) to indicate 
that a channel has requested DMA access or that a DMA 


process is complete. 


BIT 
76543210 


l= 
j= 


CH 0 DMA 
CH 1 DMA 


= CH 2 DMA 


CH 3 DMA 
CH 0 DMA 


= CH 1 DMA 


CH 2 DMA 
CH 3 DMA 


process complete 
process complete 
process complete 
process complete 
request 
request 
request 


request 
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COMMAND 


The COMMAND register bits control the DMA operation. 
All bits are reset (=0) by the master clear 
instruction or a system reset. This register must be 
programmed to 00 for proper system operation. 
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COMMAND (Continued) MODE 


76543210 Each channel has a 6-bit register associated with it. 
The first 2 bits of the byte written to this register 
specify which channel is being selected. These 


: 


Memory to Memory Transfer Disable 


1 = Memory to Memory Transfer Enable 
registers specify the operating mode for each 
CH 0 Address Hold channel. 
0 = Disable 
ae 76543210 
X= If bit 0 = 0 
Ll select CH 

Controller 00 = CH 0 
0 = Enable 01 = CH 1 
1 = Disable 10 = CH 2 

11 = CH 3 
Timing 
0 = Normal Transfer 
1 = Compress 00 = Verify 
X= If bit 0 = 1 01 = Write 

10 = Read 
Priority 11 = I) legal 
0 = Fixed XX = If bits <7..6> = 11 
1 = Rotating 

Auto Initialization 
Write Selection 0 = Disable 
0 = Late 1 = Enable 
1 = Extended 
X=If bit 3 =1 Address 

0 = Increment 
0 = DRQx sense active high 1 = Decrement 
1 = DRQx sense active low 

Mode Select 
0 = DAKx sense active low 00 = Demand 
1 = DAKx sense active high 01 = Single 

10 = Block 

11 = Cascade 


MODE (Continued) 


If the Block or Demand mode is selected for a 
channel, the total transfer time must not exceed 
15 us or RAM is not properly refreshed. 
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WRITE SINGLE MASK BIT 


This command sets (=1) or resets (=0) a single mask 
bit. When a mask bit is set, that channel's DRQx is 
disabled. The WRITE ALL MASK BITS command can set or 
reset all the mask bits. 


BIT 
76543210 
Li Select CH Mask Bit 
00 = CH 0 
01 = CH 1 
10 = CH 2 
11 = CH 3 
Mask Bit 
0 = Reset 
1 = Set 


00000 (Reserved) 
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WRITE ALL MASK BITS 


This command sets (=1) or resets (=0) all the Mask 
bits. When a bit is set, that channel's DRQx is 
disabled. The WRITE SINGLE MASK BIT command can set 
or reset a single mask bit. 


BIT 
76543210 

L_ CH 0 Mask Bit 
0 = Reset 
1 = Set 
CH 1 Mask Bit 
0 = Reset 
1 = Set 
CH 2 Mask Bit 
0 = Reset 
1 = Set 
CH 3 Mask Bit 
0 = Reset 
1 = Set 


0000 (Reserved) 


SOFTWARE DRQx REQUEST 


The OMA controller can respond to software requests 
for DMA as well as hardware requests from DRQx lines. 
The channel must be in the block mode, and the 
appropriate registers (base addresses and so forth) 
must be set before initiating this request. 


BIT 
76543210 
Ll select CH Mask Bit 
00 = CH O 
01 = CH 1 
10 = CH 2 
11 = CH 3 


Request Bit 
QO = Reset 
1 = Set 


00000 (Reserved) 


BASE AND CURRENT ADDRESS - CHANNELS 0-3 


These 16-bit write-only registers specify the 
starting destination address for the memory transfer. 
The 16-bit contents are loaded into these registers 
as a two-part operation. The first write to this 
register loads the 8 least-significant bits. The 
second consecutive write loads the 8 most-significant 
bits. See the RESET POINTER FLIP-FLOP command. 
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CURRENT ADDRESS - CHANNELS 0-3 


These 16-bit read-only registers specify either the 
current address or the destination address for the 
next data transfer. This address is the same as the 
base address, plus address increments or decrements 
made after each data transfer. The 16-bit contents 
are read from these registers as a two-part 
operation. The first read from this register returns 
the 8 least-significant bits. The second consecutive 
read returns the 8 most-significant bits. See the 
RESET POINTER FLIP-FLOP command. 
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BASE AND CURRENT WORD COUNT - CHANNELS 0-3 


These 16-bit write-only registers specify the number 
of words to be transferred. The 16-bit contents are 
loaded into these registers as a two-part operation. 
The first write to this register loads the 8 least- 
significant bits. The second consecutive write loads 
the 8 most-significant bits. See the RESET POINTER 
FLIP-FLOP command, (QF12). 


CURRENT WORD COUNT - CHANNELS 0-3 


These 16-bit read-only registers specify the number 
of words already moved as part of a data block. The 
16-bit contents are read from these registers as a 
two-part operation. The first read from this 
register returns the 8 least- significant bits. The 
second consecutive read returns the 8 most- 
significant bits. See the RESET POINTER FLIP-FLOP 
command. 


TEMPORARY 


This register is not used in this hardware 
configuration. 
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RESET POINTER FLIP-FLOP 


This is a direct command to the DMA controller to 
reset the pointer flip-flop that keeps track of 16- 
bit data transfers. This command resets the pointer 
to a known state so that the DMA controller can load 
the high- and low-order bytes in the proper sequence. 
Use this command before writing a 16-bit base address 
or other 16-bit command or data to the DMA 
controller. 
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MASTER RESET RESET MASK 

This is a direct command to the DMA controller to This is a direct command to the DMA controller to 
reset the DMA controller. It has the same effect as reset the Mask register, enabling all four channels 
a hardware reset; the Command, Status, Request, to receive DRQs (data requests). 


Temporary, and Pointer Flip-Flop registers are reset 
(=0), and the Mask register bits are set (=1). 


DMA Memory Page Register 


The DMA Memory Page register contains the 8 most- 
significant bits of the 24-bit address. It works in 
conjunction with the DMA controllers to define the 
complete (24-bit) address for the DMA channels. 
Table 2-37 lists the port address assigned to each 
page register. For more information on the DMA 
controllers, see Section 2.14. 
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Table 2-37. Port Address For DMA Channels 


DMA Page Register 
Channel 1/0 Port Address 
0 087h 

1 083h 

2 O81h 

3 082h 

4 None 

5 O8Bh 

6 089h 

7 O8Ah 


Refresh O8Fh (See Note) 


Note: The DMA Memory Page register for the refresh 
channel must be programmed with 00h for proper 


system operation. 
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Real-Time Clock and Configuration 
Memory 


The COMPAQ 286 family computer system boards use the 
Motorola MC146818 device as their real-time clock 
(RTC) and configuration memory. This device has a 
total of 64 bytes of memory. The first 14 memory 
locations are used for the RTC. The remaining 50 
memory locations are used for the system 


configuration. 

14 Bytes for | OOh 
A value can be written to or read from all 64 Real—Time : 
registers except: Clock ; 

Oc 

= Status registers C and D, which are read-only ODh 
= Bit <7> of Status register A, which is read only 50 Bytes for 
= The high-order bit of the seconds byte, which is Configuration 


read-only Memory 


Figure 2-53 shows the memory map for the MC146818. 


Seconds 
Seconds Alarm 
Minutes 
Minutes Alarm 
Hours 

Hours Alarm 
Day of Week 


Date of Month 
Month 

Year 

Register A 
Register B 
Register C 
Register D 


Figure 2-53. MC146818 Memory Map 


OOh 
Oth 
02h 
OSh 
O4h 
OSh 
O6h 
O7h 
O8h 
O9h 
OAh 
OBh 
OCh 
ODh 


To prevent a loss of time or system configuration, 
the MC146818 uses power obtained from a battery 
mounted on the inside of the computer. The battery 
maintains the time and system configuration during 
power loss for as long as three years. The system 
does NOT charge the battery. 


NOTE: If the battery is disconnected or fails 
for any reason, the time and system 
configuration must be reprogrammed into the 
MC146818. 


To reset the time or system configuration, run the 

SETUP procedure found on the USER PROGRAMS diskette 
or on the Advanced Diagnostics Diskette. To reset 

the time, use either the SETCLOCK (DOS) command, or 
the appropriate INT 1Ah (BIOS) command. 


The MC146818 is an I/0 mapped device. Use the 80286 
OUT and IN instructions to read or write to the 
memory in this device. Note that the port 70h is 
shared between the NMI Mask register and the 
Configuration Memory Address register. To leave the 
NMI Mask enabled, make sure when writing a RTC 
address to port 70h that bit <7> is set to0. 
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To write a value into memory: 


1. Use OUT 70h, AL to specify the memory location to 
change. 70h is the port number; AL is the memory 
location. 


2. Use OUT 71h, AL to specify the data for the memory 
location. 71h is the port number; AL is the data. 


To read the contents of a memory location: 


1. Use OUT 70h, AL to specify the memory location to 
read. 70h is the port number; AL is the memory 
location. 


2. Use IN AL, 71h to read data stored in that 
location. The returned data is placed in the AL 
register of the 80286. 


Table 2-38 summarizes the types of information stored 
in the MC146818's memory locations. 
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Table 2-38. MC146818 Real-Time Clock 
Memory Locations 


Register Function 


00h Seconds 

Olh Seconds Alarm 

02h Minutes 

03h Minutes Alarm 

04h Hour 

O5h Hour Alarm 

O6h Day of Week 

07h Day of Month 

08h Month 

09h Year 

OAh Status Register A 
OBh status Register B 
OCh status Register C 
ODh status Register D 
OEh Diagnostic Register 
OFh Reset Code Byte 

10h Diskette Drive Type 
1lh Reserved 

12h Fixed Disk Drive Type 
13h Reserved 

14h Equipment Installed 


(Continued) 


Table 2-38. (Continued) 
Register Function 
15h,16h System Board Memory Size 
17h, 18h Extended Memory Installed 
19h-2Ch Reserved 
20h Additional Flags 
2Eh,2Fh Checksum Value 


30h,31h Memory More than 1 MB 

32h Century (part of time and 
date function) 

33h system Information 

34h-3Fh Reserved 


Information about registers OAh through 33h follows. 
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STATUS - BYTE OAh STATUS - BYTE OBh 
BIT BIT 
76543210 76543210 
Specify the divider LQ = No Daylight Savings Time 
frequency for the clock. The (default) 
default value is 0110 (1.024 kHz) 1 = Daylight Savings Time Selected 
Specify the time base Mode 
frequency. The default value is Q = 12-hour 
010 (32.768 kHz) 1 = 24-hour (default) 
0 = OK to read device Time and Date Format 
1 = Time update in progress 0 = BCD (default) 
1 = Binary 
0 = Output Disabled (default) 
1 = Enables Frequency Output Selected 


by Status Register A 


End-of-Update Interrupt 
0 = Disable (default) 
1 = Enable 


Alarm Interrupt 


0 = Disable (default) 

1 = Enable 

0 = Interrupt Disabled (default) 

1 = Enable Interrupt at frequency 
specified by Status Register A 

0 = Normal Operation 

1 = Disable Time Updating so that 


time can be set 
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STATUS - BYTE OCh--READ-ONLY 


BIT 
76543210 
i Ee ee 


0000 (Reserved) 


1 
1 


End-of-Update Interrupt Flag 
Alarm Interrupt Flag 
Periodic Interrupt Flag 


Interrupt Output Signal Active 


STATUS - BYTE ODh 


BIT 
76543210 


0000000 (Reserved) 


Real-Time Clock 
1 = Has not lost power 
OQ = Has lost power 


CONFIGURATION BYTE OEh--DIAGNOSTIC STATUS BYTE 


3210 


—" (Reserved) 


_ 
1 


Time is not valid 


Fixed Disk Drive Controller 
is not working 


The amount of memory detected 
during the system initialization 
is not the same as the amount 
specified in the configuration 
memory 


System initialization equipment 
check does not match the 
equipment specified in the 
configuration memory 

Checksum bad--ROM error 


Real-time clock has lost power 
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CONFIGURATION BYTE OFh--RESET CODE BYTE 


The reset code tells the system what to do after the 
CPU is reset. The reset code identifies the type of, 
or reason for, reset. The reset code also provides a 
method of resetting the system without losing 
previously stored data or to return the system to the 
Real mode from the Protected Virtual Memory mode. 


BIT 
76543210 

00h = Normal power-on reset 

04h = Proceed to load DOS from disk 

O5h = Jump to Reset Vector 0040: 0067 
after initializing the 8259A's 

09h = Block Move Return 

OAh = Jump to Reset Vector 0040: 0067 


after initializing the 8259A's 
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CONFIGURATION BYTE 10h--DISKETTE DRIVE TYPE CONFIGURATION BYTE 12h--FIXED DISK DRIVE TYPE 
BIT Bits Function, 
76543210 <7..4> Value defines first fixed disk drive type: 
Secondary (drive 2) Diskette Drive Type: Value Type 
0000 = No diskette drive 
0001 = 360-KB Diskette Drive 0000 None 
0010 = 1.2-MB Diskette Drive 0001..1110 1..14 
0011 = Reserved ae byte 19h 
0100 = 1.44-MB Diskette Drive Sem ote , 
0101 = Reserved <3..0> Value defines second fixed disk drive type 
; (use table above) and byte 1Ah. 
1111 = Reserved 


NOTE: This byte identifies the type of fixed 


Primary (drive 1) Diskette Drive Type: disk-dni vedused.. not: the eapacity. 


0000 = No diskette drive 
0001 = 360-KB Diskette Drive 
0010 = 1.2-MB Diskette Drive 
0011 = Reserved 

1111 = Reserved 


CONFIGURATION BYTE 14h--EQUIPMENT INSTALLED 


BIT 
76543210 


Diskette Drive 


0 = None installed 
1 = Installed 
Numeric Coprocessor 
0 = None installed 
1 = Installed 


00 (Reserved) 


Type of primary video display controller 
and operating mode 


00 = Reserved 

01 = Color/Graphics, 40 column 
10 = Color/Graphics, 80 column 
11 = Non-COMPAQ monochrome/text 


Number of diskette drives installed 
00 = 1 


01 =2 
10 = Reserved 
11 = Reserved 
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CONFIGURATION BYTES 15h AND 16h--BASE MEMORY SIZE 


Value indicates valid memory sizes for the base 
memory size: 


Byte 16h Byte 15h Memory Size 


00h 80h 128 KB 
Olh 00h 256 KB 
02h 00h 512 KB 
02h 80h 640 KB 
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CONFIGURATION BYTES 17h AND 18h--EXPANSION 
MEMORY SIZE 


Value indicates valid memory sizes for all expansion 
memory: 


Byte 18h Byte 17h Memory Size 


02h 00h 512 KB 
04h 00h 1024 KB 
06h 00h 1536 KB 


3Bh 80h 15232 KB 


CONFIGURATION BYTE 19h --DRIVE C TYPE 


If the disk drive is an extended drive type (type 15 
or greater) bits <7..4> of byte 12h contain 1111 
(binary). 


The type of drive in Drive C appears in byte 19H. 


CONFIGURATION BYTE 1Ah--DRIVE D TYPE 


If the disk drive is an extended drive type (type 15 
or greater) bits <3..0> of byte 12h contain 1111 
(binary). 


The type of drive in drive D appears in byte ILAh. 
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CONFIGURATION BYTE 2Dh--ADDITIONAL FLAGS 


This byte allows the configuration of special 
features. 


BIT 
76543210 


: 


ual-Mode Monitor 
= Non-dual-mode monitor installed 


D 
0 = 
1 = Installed 


Video Display Controller 

0 = Non-COMPAQ video display 
controller installed 

1 = COMPAQ video display controller 
installed 


00000 = (Reserved) 
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CONFIGURATION BYTES 2Eh AND 2Fh--MEMORY CHECKSUM CONFIGURATION BYTES 30h AND 31h--MEMORY OVER 1 MB 
Value stored is the checksum for memory addresses Value indicates amount of system memory in excess of 
10h. .2Dh. 1 MB. These bytes are updated by the BIOS at 
Byte 2Eh = High byte of checksum pee one 
Byte 2Fh = Low byte of checksum Byte 31h _ Byte 30h_ Memory Size 

02h 00h 512 KB 

04h 00h 1024 KB 

06h 00h 1536 KB 

08h 00h 2048 KB 

OAh 00h 2560 KB 

OCh 00h 3072 KB 

OEh 00h 3584 KB 

10h 00h 4096 KB 

12h 00h 4608 KB 

14h 00h 5120 KB 

16h 00h 5632 KB 

18h 00h 6144 KB 

1Ah 00h 6656 KB 

1Ch 00h 7168 KB 

LEh 00h 7680 KB 


3Bh 80h 15232 KB 
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CONFIGURATION BYTE 32h--DATE, CENTURY CONFIGURATION BYTE 33h--SYSTEM INFORMATION 
This is the century part of the current time and date 76543210 
encoded in BCD (binary coded decimal). The BIOS sets LLIIIt  gogg99 (Resenved) 
and reads this value. | 
Used by SETUP program 


1 = More than 1 MB of memory 
is installed 
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Keyboard Controller 
An INTEL 8042 single-device microcomputer provides: 


= An output port for system function control and 
keyboard communication 


= An input port to read system function status 


= A test port to read the status of the keyboard 
clock and data lines 


The 8042 has internal ROM that is custom-programmed 
with keyboard scan codes and operating instructions. 
Figure 2-54 shows a simplified block diagram of the 
keyboard controller. 


SMAP Device 


The SMAP (a Compaq designed Application Specific IC) 
device monitors the Intel 8042 controller for 
commands to “force A20 low" or “restart CPU". If 
either command is received, the SMAP drives the 
appropriate signal and prevents its use by the 8042. 
The SMAP does this by disabling writes to the 8042. 
This SMAP generated response occurs within a few us 
and happens much faster than if generated by the 
8042. The effects of these commands being 
intercepted are, except for speed, invisible to the 
application programmer. Since these commands are 
often used to switch between Real and Protected modes 
of the CPU, performance of applications using the 
mode switch is increased. Programming of these 
commands is described below under “Programming the 
8042". 


System Interface 
(Bidirectional |/0) 


Command 


Register 
64h 

or 

Data 
Register 
60h 


Status 
Register 
64h 


Output 
Buffer 
60h 


8042 
Internal 


Processor 


Figure 2-54. 


Output 
Port 


(Port 2) 


Keyboard Controller 
Block Diagram 


Processor Reset 
Not Connected 
Slowdown 


Not Connected 


Buffer Full INT 
Not Connected 
CLK 
Data 


KBDCLK 
KBDDATA 


Not Connected 
12MHz Sense 
Auto Jumper 
Not Connected 
Speed Jumper 
MFG Jumper 
Monitor Selected 
Enable Keyboard 


Functional 
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The 8042 communicates with the keyboard in a 
bidirectional, serial format with a synchronizing 
clock. The 8042 receives serial data, checks its 
parity, translates the ll- or 9-bit scan codes from 
the keyboard into system codes, and interrupts the 
80286 to transfer data into the system. 


(Command codes between the 8042 and the keyboard are 
described in Chapter 8.) 


8042-to-Keyboard Interface 


The 8042 and the keyboard are connected by a four 
conductor, shielded cable that carries a power line, 
a ground line, a Data signal, and a Clock signal. 


The 8042 and the keyboard communicate in a 
handshaking fashion, using the Data and Clock lines 
for synchronous serial communication. The Data and 
Clock lines are driven by open-collector-type drivers 
at both ends of the cable in a wired-OR fashion. 


The keyboard supplies the synchronizing clock for 
data transmissions in either direction. 


Figure 2-55 shows a simplified schematic of the data 
and clock circuits. 
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+5 Vde 
From 8042 neyeoars From Keyboard 
: Data Line 
Data Driver Data Driver 


p}— 


To 8042 To Keyboard 
Data Input Data Input 
+5 Vde 
Keyboard 
K d 
From 8042 Clock Line From Keyboar 


Clock Driver Clock Drlver 


To Keyboard 
Clock Input 


To 8042 
Clock Input 


Figure 2-55. Simplified Schematic of the 
Data and Clock Circuits 


11- or 9-Bit Data Transmission Format 


The 8042 adds versatility to the system by allowing 
ll- or 9- bit keyboards to be used interchangeably at 
any time. The system sends commands to the 8042 to 
specify the type of scan code it expects, and the 
8042 sends that type of scan code, regardless of the 
type of keyboard connected. 


The 8042 automatically tests for keyboard type by 
monitoring the data format. Figure 2-56 shows 11- 
and 9- bit data formats with sample data transfers. 


CLOCK 
id, fe ee 
DO Di D2 D3 D4 D5 D6 D7 Stop 
LSB MSB Bit 
Start Odd 
Bit Parity 
Bit 


11-—BIT DATA FORMAT 


10 0 1 0 #4 1  =:0 


CLOCK 
Pe oe ab ie. dl 
DO Di D2 D3 D4 DS D6 D7 
LSB MSB 
Start 
Bit 


9-BIT DATA FORMAT 


Note: The keyboard drives the data line low for the 
Stop Bit at the end of a transmission to acknowledge 
the transmission. 


Figure 2-56. 1l1- and 9-Bit Data Formats 
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Table 2-39 lists the ll- and 9-bit data transfer 
timing parameters. 


Table 2-39. Keyboard Data Timing Parameters 


Parameter 11-Bit 9-Bit 
Clock timing (min.), 60 us 25 us 
Falling edge to falling edge 

Clock timing (min.), 5 us 5 us 
Falling edge to rising edge 

Transmission Time (max. ) 2 us 2 us 


First edge to completion 


Time data must be valid 0 us 0 us 


before falling clock edge 
Time data must be valid 5 us 12 us 
after falling clock edge 


8042 Port Functions 


The 8042 has three ports: 


= An 8-bit output port for system function control 
and keyboard communication 


=" An 8-bit input port to read system function status 


s A 2-bit test port to read the status of the 
keyboard Clock and Data lines. 


2-172 80286-Based Products Technical Reference Guide 


To write to the output port: 


BIT 
7 

1. Write command Dih (next byte is a value byte) to — 

I/0 address 64h. 
2. Write the desired value for the output port to 

port address 60h. 0 

1 

To read the 8042 output port value: ' 
1. Write command DOh (transfer the current output 

port values to the 8042 output buffer) to port 1 


— 
il 


System RESET Line Active 


— 
l 


(Reserved) 


Fast (8 MHz speed) 
High (Address dependent speed) 


(Reserved) 


Output buffer full 
address 64h. ] 


2. Read the 8042 output buffer (port address 60h). 


Input buffer empty 


Keyboard clock - controlled by 


the 80 

Figure 2-57 shows the bit values for the output port peeeaoe 

of the 8042. Keyboard data read - controlled 
by the 8042 


Figure 2-57. 8042 Output Port - Bit Definition 


To read the 8042 input port value: 

1. Write command COh (transfer the current input port 
values to the 8042 output buffer) to I/0 address 
64h. 


2. Read the 8042 output buffer (port address 60h) 
with the special read command Abdh. 


Figure 2-58 shows the format of the byte returned 
from the 8042 input port. 
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Figure 2-59 shows the format of the byte returned by 


BIT 
0 the 8042 TEST input port. 
(Reserved) 
_ ; BIT 
0 = 12 MHz Operating Speed Possible 9 
es: Hike Sewdonncenabiae Test0O - Keyboard clock stream 
rs Testl - Keyboard data stream 
pee these ped) 000000 (Reserved) 
= FAST (8 MHz speed) . eee 
= HIGH (Address Dependent speed) Figure 2-59. 8042 Test Input Port - Bit Definition 
| 0 = Jumper EM set on 1-2 (normal) 
pee ape ore ee eine Programming the 8042 
0 = COMPAQ dual-scan display 


The 8042 is I/0-mapped at port addresses 60h and 64h. 


— 
i 


mm © 


Security Lock 


0 = Locked Prior to writing a command or data to ports 60h or 
1 = Unlocked 64h, the 8042 STATUS register must indicate ‘Input 
Buffer Empty’. Also, prior to reading data from port 
Figure 2-58. 8042 Input Port - Bit Definition 60h, test the 8042 STATUS register to ensure a ‘Data 


in Buffer" condition. 
To read the 8042 TEST input port value: 


1. Write the command E0h (transfer the current TEST Port 60h, Data 1/0 Register. Use the 80286's IN 


input port values to the 8042 output buffer) to instruction to read data from the 8042's output 
1/0 address 64h. buffer. Data in the DATA I/0 register is from the 


keyboard, unless the 8042 has been given a command 
2. Read the 8042 output buffer (port address 60h). such as 20h, READ COMMAND byte. 
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Use the 80286's OUT instruction to send data to the 
keyboard, unless the 8042 has been given a multibyte 
command such as 60h, Write Command Byte. To give a 
multibyte command to the keyboard, write the first 
command byte to port 64h and the second command byte 
to 60h. 


Port 64h, COMMAND/STATUS register. The following 
pages describe the format for COMMAND/STATUS register 
(port 64h) I/0 interactions with the 8042. 


Use the 80286's IN instruction to read the status of 
the 8042 and the keyboard (input from port 64h). 

Use the 80286's OUT instruction to give a command to 
the 8042 (output to port 64h). Writing to this 
address automatically sets the COMMAND/DATA flag 

to l. 


Most commands involve a single write step. However, 
some commands do require a second step, such as a 
subsequent 8042 register read or write. 


Figure 2-60 shows the 8042 Status register. Figure 
2-61 shows the 8042 command byte. Table 2-40 lists 
the 8042 command codes. 


Figure 2-60. 


— © 


— 


Non 


No new data in buffer 
Data in buffer (input port 60h) 


Input Buffer empty (outpnut port 
60h or 64h) 
Input buffer full (output port 
60h or 64h) 


Power-on (cold start) 
Software reset (warm start) 


Output buffer has data 
Output buffer has command 


Security lock engaged 
Security lock not engaged 


Transmission Time-out Error: 

No clock--bit <5> set clock, 

no response--bits <5> and <6> set, 
clock and response, but parity 
error--bits <5> and </> set 


Receive Time-out Error. 
Keyboard data transmission started, 
but did not finish in 2 ms 


Parity Error detected (11-bit 
format only). If an error is 
detected, a Resend command is 
sent to the keyboard once only, 
as an attempt to recover. 


8042 Status Register (Input Port 64h) 
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BIT 

= Do not generate interrupt 
Generate interrupt when 
output buffer ful] 


—- © 
Wot 


0 (Reserved) 


System flag--the value written 
to this bit is written into the 
corresponding bit of the status 


register 

0 = Obey Security Lock state 

1 = Ignore Security Lock 

0 = Enable keyboard 

1 = Disable keyboard 

0 = Use 11-bit keyboard codes 

1 = Use 9-bit keyboard codes 

0 = Do not convert keyboard codes. 
1 = Convert keyboard codes to the 


8088/8086 scan codes. 


0 (Reserved) 


Figure 2-61. 8042 Command Byte (Output Port 64h). 
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Table 2-40. 8042 Command Codes (Output Port 64) 


Code Function 


20h Put the current command byte on the 8042's output port 

60h Load the next byte put into the 8042's input port as the command byte 

Alh FAST Speed--the 8042 output port selects the 8-MHz speed (SLOWDOWN bit = 0) 

A2eh HIGH Speed--the 8042 output port selects an address-dependent speed (SLOWDOWN bit = 1.) 


A4h Toggle--the 8042 changes its speed-control output port bit between the FAST mode speed and the speed 
defined with the HIGHSP command (A6h). 
A5h Special Read--the 8042 places the real value of port 2 except for bits <4> and <5> which 
are given a new definition in the output buffer. No output-buffer full is generated. 
If bit <5> = 0 then a 9-bit keyboard is in use 
If bit <5> = 1, then an 11-bit keyboard is in use 
If bit <4> = 0, the interrupt is disabled 
If bit <4> = 1, interrupt is enabled when the output buffer full 
A6h HIGHSP--the 8042 interprets the next byte written to port 60h as the maximum speed for the system when the 
Toggle command (A4h) is used. 
Value Highest Speed 
00h FAST (8 MHz) 
Olh HIGH (address-dependent speed) 
Note: Only the least-significant bit is used. The other bits should be set to 0. 


(Continued) 
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Table 2-40. (Continued) 


Code Function 
AAh Initialization--the 8042 initializes ports 1 and 2 to their setup value, sets HIGHSP (CPU speed) to the 


value set by the jumper, disables the keyboard and clears the buffer pointers. It then places 55h in the 
output buffer. 
ABh Interface Test--directs the 8042 to test the data and clock lines of the keyboard interface. The output 
buffer (input port 60h) receives the test results, according to: 
00h - No error detected 
Olh - The keyboard Clock line is stuck low 
02h - The keyboard Clock line is stuck high 
03h - The keyboard Data line is stuck low 
04h - The keyboard Data line is stuck high 
O5h - COMPAQ diagnostic feature 
Note: The keyboard Data line test does not check for line stuck low for 9-bit keyboards. 
ACh Diagnostic Dump--Reserved for diagnostic purposes. 
ADh Disable Keyboard--sets bit <4> of the 8042's command byte, which disables the keyboard interface. Data are 
not sent or received until the keyboard is enabled. 
AEh Enable Keyboard--resets bit <4> of the 8042's command byte, which enables the keyboard interface. 
COh Read Input Port--directs the 8042 to transfer the status of the input port and place it in the output 


buffer (input port 60h). Use this command only when the output buffer is empty. 

DOh Read Output Port--directs the 8042 to transfer the current byte in the output port to the output buffer 
(input port 60h). The values for the SPEEDUP and SLOWDOWN bits (D6 and D7) will not be accurate. Use the 
Special Read command (A5h) to read the correct values. Use the Read Output Port command only when the 


output buffer is empty. 
(Continued) 
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Table 2-40. (Continued) 


Code Function 
Dih Write Output Port--place the next byte written to the 8042 data register (output port 60h) on the 8042's 
output port. The system speed bits are not set by this command--use commands Alh to A6h for speed 
functions. 
CAUTION 
Setting bit <0> of the 8042's Output 
Port 0 puts the system in a reset 
state until the power is turned off. 
EOh Read TestO and Testl Inputs--directs the 8042 to put the current state of Test0 and Testl into the output 


buffer (output port 60h). Test0O is bit <0> and Testl is bit<1>. 
FOh-FFh Pulse Output Port--the 8042's output port, bits <3..0>, can be pulsed (strobed low) for approximately 


2 us. Bits <3..0> of this command byte each represent one bit, or signal of the output port to be pulsed. 
Note: Bit <0> of the 8042's Output Port 0 is connected to the system reset. Pulsing bit <0> resets 


the system. 
bn EO __ —___ _______ ____________—_—__§_H——_————_—___________ || 
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System Scan Codes Table 2-41. (Continued) 
11-bit System 9-Bit 
Table 2-41 shows the codes sent by the keyboard to U.S. Keyboard Scan Keyboard 
the 8042 for each key and the final code sent to the Character Scan Code Code Scan Code 
system by the 8042. Tab ODh OFh OFh 
Q 15h 10h 10h 
Table 2-41. — =e — — W 1Dh 11h iA 
-bi ystem 9-Bi 
U.S. Keyboard scan Keyboard ; - = a 
Character Scan Code Code Scan Code 
00h FFh T 2Ch 14h 14h 
(Note 1) Y 35h 15h 15h 
ESC 76h Olh Oh U 3Ch 16h 16h 
1,! 16h 02h 02h I 43h 17h 17h 
2,0 1Eh 03h 03h 0 44h 18h 18h 
3,# 26h 04h 04h P 40h 19h 19h 
4,$ 25h 05h 05h [.{ 54h 1Ah 1Ah 
5% 2Eh 06h 06h Tid 5Bh 1Bh 1Bh 
6,° 36h 07h O7h RET 5Ah 1Ch 1Ch 
7,& 30h 08h 08h Ctrl 14h 1Dh 1Dh 
8,* 3Eh 09h 09h A 1Ch 1Eh 1Eh 
0,) 45h OBh 0Bh D 23h 20h 20h 
-,_ 4Eh OCh OCh F 2Bh 2ih 21h 
=,+ 55h ODh ODh G 34h ech 2eh 
— ee~—*«*RG HA (”*~‘sé‘<CE*‘AC(‘C<; E#YO!O*‘(C‘C‘(‘;C;C;™;” (Continued) 


(Continued) 
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Table 2-41. (Continued) Table 2-41. (Continued) 
11-bit System 9-Bit 11-bit System 9-Bit 
U.S. Keyboard Scan Keyboard U.S. Keyboard Scan Keyboard 
Character Scan Code Code Scan Code Character Scan Code Code Scan Code 
H 33h 23h 23h Alt ilh 38h 38h 
J 3Bh 24h 24h Space 29h 39h 39h 
K 42h 25h 25h Caps 58h 3Ah 3Ah 
L 4Bh 26h 26h Lock 
as 4Ch 27h 27h Fl 05h 3Bh 3Bh 
ee 52h 28h 28h F2 06h 3Ch 3Ch 
in OEh 29h 29h F3 04h 3Dh 3Dh 
Lshift 12h 2Ah 2Ah F4 OCh 3Eh 3Eh 
\, | 5Dh 2Bh 2Bh F5 03h 3Fh 3Fh 
Z 1Ah 2Ch 2Ch F6 OBh 40h 40h 
X 22h 20h 2Dh F7 02h, 83h 4ih 41h 
C 21h 2Eh 2Eh (Note 2) 
V 2Ah oFh oFh F8 OAh 42h 42h 
B 37h 30h 30h F9 Olh 43h 43h 
N 31h 31h 31h F10 09h 44h 44h 
M 3Ah 32h 32h Num Lock 77h 45h 45h 
. 4th 33h 33h Scrol] 7Eh 46h 46h 
ris 49h 34h 34h Lock 
/.2 Aah 35h 35h Home , 7 6Ch 47h 47h 
Rshift 59h 36h ___36h Pane eres: nee | ee ee 
* PrtSc 7Ch 37h 37h gs OU 8 Ne 
(Continued) 


(Continued) 


Table 2-41. (Continued) 
11-bit System 9-Bit 
U.S. Keyboard Scan Keyboard 
Character Scan Code Code Scan Code 
- 7Bh 4Ah 4Ah 
Left,4 6Bh 4Bh 4Bh 
5 73h 4Ch 4Ch 
Right,6 74h 4Dh 4Dh 
+ 79h 4Eh 4Eh 
End, 1 69h 4Fh 4Fh 
Down ,2 72h 50h 50h 
PgDn,3 7Ah 51h 51h 
Ins,0 70h 52h 52h 
Del,. 71h 53h 53h 
Sys Req 7Fh,84h 54h 
(Note 2) 
(Continued) 


Table 2-41. 


US 
Character 
R 

(Note 
R 
(Note 
F1l 
(Note 
F12 
(Note 
R 
(Note 
Notes: 1. 
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(Continued) 
11-bit System 9-Bit 
Keyboard Scan Keyboard 
Scan Code Code Scan Code 
60h 55h 
3) 
61h 56h 
3) 
78h 57h 
4) 
07h 58h 
4) 
59h through 7Fh 
3) 
When the 8042 cannot read data from the 


keyboard, the 8042 sends FFh to the 
system, and sets the parity error bit of 
the Status register. 

The second value is generated when the 
8042 translates a 9-bit code to an 11-bit 
code. 

R = Reserved 

The Fll and F1l2 keys (System Scan Codes 
57H and 58h respectively) are only 
available on the COMPAQ Enhanced Keyboard. 
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8042/Keyboard Communications Time 
Restraints 


If a code transmission from the keyboard exceeds 

2 ms, a time-out error results and the 8042 sends FFh 
to the system. No retries are attempted from a time- 
out error. 


A keyboard Clock signal strobes the 8042 during a 
data transmission to cycle data bits from the 8042 to 
the keyboard. 


If the keyboard clock does not begin strobing within 
15 ms after a byte is ready to transmit, or if the 
byte is not completely transmitted within 2 ms, the 
8042 sends FEh to the system and sets the transmit 
time-out error bit in the Status register. 


The keyboard must respond to all transmissions from 
the 8042 within 25 ms, or the parity and time-out 
error bits are set in the Status register of the 8042 
and FEh is sent to the system. No retries are 
attempted by the 8042 after any data transmission 
error. 


Security Key Lock 


The security key lock is connected to the P17 line of 
the 8042 keyboard processor. When the security lock 
is locked, the keyboard is disabled. This feature 
allows a program to continue without accidental 
interference. 


Interval Timer 


The purpose of a programmable interval timer is to 
generate pulses at software-controllable intervals. 


An Intel 8254 Programmable Interval Counter on the 
system boards provide three frequencies, or timed 
pulses, for the system. The three counters count 
down a 16-bit value at a rate of 1.193 million 
counts-per-second and give an output pulse on the OUT 
pins. Table 2-42 lists the interval timer functions. 


Two channels (interrupt and refresh) are on at all 
times; only the speaker tone can be disabled and 
enabled. 


Table 2-42. Interval Timer Functions 


Function System Timer 
Counter 0: 

Gate Always On 
Clock In 1.193 MHz 
Clock Out 8259A IRQO 
Counter 1: 

Gate Always On 
Clock In 1.193 MHz 


Clock Out Request Refresh 
Counter 2: 
Gate Programmable 


Clock In 1.193 MHz 
Clock Out speaker Input 


Interval Timer Architecture 


The interval timer contains three identical counters. 
Figure 2-62 shows the architecture of the interval 
timer. CRm and CRI contain the most- and least- 
significant bytes of the 16-bit initial count value. 
These registers are cleared when they are both 
transferred into CE. 
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Internal Bus 


Control Status 
Word Latch 


Register 


Clock(n) 
Gate(n) 


Out(n) 


Figure 2-62. Counter Architecture 


CE is the actual "Counting Element” latch that 
contains the value being counted down. 
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OLm and OL] contain the most- and least-significant Table 2-43. Interval Timer Port Assignments 
bytes of the CE value, unless a latch command is Port Function 

given. In this case, the OLm and OL! registers hold 40h Read or Write Count for Counter 0 
the count until read. (System Clock) 


4ih Read or Write Count for Counter 1 


p : he | | Ti (Refresh Request ) 
rogramming the Interval Timer 42h Read or Write Count for Counter 2 


. (Speaker Tone) 
eae 43h Input for Control Word, Counter 
Latch, or Read Back commands 
= The Control Word specifies: (Command Mode Register) 
- which counter to read or write 
- the operating mode 
- the count format 


The timer is an I/0-mapped device. 
the ports used. Several commands are available: 


= The Counter Latch command latches the current 
count so that it can be read by the system. The 
count-down process continues. 


« The Read Back command reads the count value, 
programmed mode, the current state of the OUT 
pins, and the state of the null] count flag of the 
selected counter. 


Interval Timer Operating Modes and Initial 
Values 


Six operating modes are available and are listed in 
Table 2-44, 


Table 2-44. Interval Timer Operating Modes 


Mode Function 


0 Out signal on end-of-count (=0) 

1 Hardware retriggerable one-shot 

2 Rate generator (divide-by-n counter) 
3 Square-wave output 

4 Software-triggered strobe 

5 Hardware-triggered strobe 


The three counters are initialized with the values 
given in Table 2-45. 


Table 2-45. Interval Timer Initial Values 


Control 
Counter Mode Word Count __ Frequency 
0 3 36h 65535 18.207 Hz 
1 2 54h 19 62.799 KHz 
(See Note) 
2 3 B6h 1336 893.10 Hz 


Note: Only the least-significant byte of the divisor 
is loaded. 
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Programming the interval timer is a simple process: 
1. Write a control word. 
2. Write an initial count for each counter. 


3. Load the least- and most-significant bytes of the 
16-bit counter in two steps (writes). 
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interval Timer Control Word Format 


The Control Word specifies the counter, whether it is 
to be written to or read from, the operating mode, 
and whether it counts down in a 16-bit or binary- 
coded decimal (BCD) format. 


BIT 
i Countdown 

Q = Binary 
1 = BCD 
Mode 

000 = 0 
001 = 1 
010 = 2 
011 = 3 
100 = 4 
101 = 5 


00 = Counter Latch command 
(See Counter Latch command) 


01 = R/W least-significant byte 

10 = R/W most-significant byte 

11 = R/W least, then most significant 
byte 

00 = Select Counter 0 

01 = Select Counter 1 

10 = Select Counter 2 

11 = Read Back command 


(See Read Back command) 


Interval Timer Counter-latch Command 


The Counter Latch command latches the count at the 
time the command is received. The count is held in 
the OL registers until read. 


BIT 


een 0000 (Reserved) 


00 


00 
01 
10 
11 


Specifies Counter Latch 
Command 


Latch Counter 0 
Latch Counter 1 
Latch Counter 2 
Select Read Back command 
(See Read Back command). 
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Interval Timer Read Back Command The status byte latched into OL has the following 
format: 
The Read Back command causes the count or status of 
the counters to be latched in the OL registers until BIT 
read. A single read-back can latch the count or 0 Cc 4 
status of al] three counters. ountdown Format 
0 = Binary 
1 = BCD 
BIT 
0 Mode 
0 (Reserved) 000 = 0 
001 = 1 
1 = Select Counter 0 010 = 2 
011 = 3 
1 = Select Counter 1 100 = 4 
101 = 5 
1 = Select Counter 2 


00 = Counter latch command 
0 = Latch Counter of selected counters (See Counter-latch command) 

01 = R/W least-significant byte 
0 = Latch Status of selected counters 10 = R/W most-significant byte 

11 = R/W least, then most-significant 
11 - Specifies Read Back command byte 


Returned Status: 
0 = CR contents are not moved into CE 
1 = CR contents are moved into CE 


0 
1 


OUT Pin is 0 (low) 
OUT Pin is 1 (high) 


2-188 80286-Based Products Technical Reference Guide 


Interrupt Priority Encoders 


The 80286 processor has two signals for interrupts, 
labelled NMI (nonmaskable interrupt) and INTR 
(maskable interrupts). A maskable interrupt is an 
interrupt that can be enabled or disabled by the 
processor STI/CLI instructions. A nonmaskable 
interrupt is not masked off by the CLI instruction 
but can be disabled under software control by the 
system board logic. 


NMI Interrupts 


NMI interrupts are caused by parity errors on the 
system board, memory boards, or any expansion boards 
that pull the IOCHK- line low. 


System software can also generate a software 
interrupt to the NMI routine. When the IOCHK- line 
is pulled low, it sets the IOCHK- latch, which holds 
the error condition until software can examine it. 


The source of the NMI can be determined by examining 
input port 61h, bit <6>. If this bit is set, the 
interrupt came from the hardware IOCHK- line. To 
clear the hardware IOCHK- latch, pulse bit <3> of 
port 6lh high. 


The mask register for the NMI interrupt is at I/0- 
address 70h. The format for this byte is 10000000, 
that is, only the most significant bit is decoded. 
Write an 80h to port 70h to mask the NMI signal. 
This port is shared with the real-time clock and 
configuration memory device (the lower 6 bits). 

Do not modify the contents of this register without 
considering the effects on the state of the other 
bits. 


INTR Interrupts 


All INTR-type interrupts to the CPU are channelled 
through the interrupt controllers (8259A). These 
devices generate interrupts on the 80286's interrupt 
line, which can be masked in the 80286 by software. 


The interrupt controllers are 8-input devices that 
can accept interrupt signals from several devices, 
then prioritize them and interrupt the processor. 
The processor then automatically reads the interrupt 
controller to determine the source of the highest- 
priority interrupt and calls the appropriate 
interrupt routine. 


Two interrupt controllers (a master and a slave) are 
used so that more than eight levels of interrupt are 
possible. The slave (Interrupt Controller 2) 
interrupts the master (Interrupt Controller 1) to 
show an interrupt. When Interrupt Controller 1 is 
properly programmed (in the special fully nested 
mode) Interrupt Controller 2 sends the correct 
interrupt vector to the CPU for the source of the 
interrupt. Figure 2-63 shows a diagram of the 
interrupt controller circuit. 


All interrupts can be masked off, using the CLI 
instruction of the 80286. The base I/O address for 
Interrupt Controller 1 is 20h; for Interrupt 


Controller 2 it is AOh. Table 2-46 lists the initial 
interrupt controller values. 
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Table 2-46. Initial Interrupt Controller Values 


Port Value Description of Contents 
20h_~ = ih Cntir ICW1 


L; 
21h 08h Cntlr 1, ICW2 vector address for 000020h 
21h 04h Cntir 1, ICW3 indicates slave connection 
2lh = Olh Cntlr 1, ICW4 8086 mode 
A0h_1Lih Cntlr 2, ICWl 
Alh 70h Cntlr 2, ICW2 vector address for 0001COh 
Alh 02h Cntlr 2, ICW3 indicates slave ID 
Alh  Olh Cntlr 2, ICW4 8086 mode 
A21h_ B8h Cntir 1, Interrupt mask (may vary 

with option) 

Alh 9Dh Cntlr 2, Interrupt mask (may vary 


with option) 


Table 2-47 lists the 16 possible sources for an 
interrupt and their priorities. The highest-priority 
interrupt is processed first. 
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Table 2-47. Interrupts And Their Priorities 


Prior- Cont- 


ity Label roller Typical Interrupt Source 


1 NMI (Note) Parity Error Detected 
2 IRQO 31 Interval Timer Output 0 
3 IRQ] 1 Keyboard 
IRQ2 1 Interrupt from Controller 2 
4 IRQ8 2 Real-Time Clock 
5 IRQO 2 Expansion Bus Pin B04 
6 IRQIO 2 Expansion Bus Pin D03 
7 IRQ11 2 Expansion Bus Pin D04 
8 IRQi2 2 Expansion Bus Pin DO5 
9 IRQIi3 2 Numeric Coprocessor 


10 IRQ14 2 Fixed Disk Drive Controller 
--Expansion Bus Pin D0/ 


11 IRQI5 2 Expansion Bus Pin D06 
12 IRQ3 1 Serial Port 2 


--Expansion Bus Pin B25 
13 IRQ4 1 Serial Port 1 


--Expansion Bus Pin B24 
14 IRQ5 1 Parallel Port 2 


--Expansion Bus Pin B23 
15 IRQ6 1 Diskette Drive Controller 


--Expansion Bus Pin B22 
16 IRQ7 1 Parallel Port 1 


--Expansion Bus Pin B21 
Note: The NMI signal is controlled through the 


1/0 port 70h, bit <7>. 


SYSTEM BUS 
62-Pin Connector 


Primary Comm 
Secondary Printer 
Diskette 

Primary Printer 


Not Used 


SYSTEM BUS 
36-—Pin Connector 


Not Used 
Not Used 
Not Used 


Fixed Disk 
Not Used 


Figure 2-63. 


Interrupt 
Controller 1 
(Master) 


Tick Counter IRQO 
Keyboard IRQ\ 


To 80286 INTR 


Cascade 


| os | 
| 6 | 


3 
[ RTC IRQ8 Y 
1 


IRQIO 
IRQ 2 interrupt 
IRQI2 (Slave) 


Interrupt Controller Circuit Diagram 


2.15 EXPANSION BUS 


The system board uses expansion slots to support 
additional circuit boards. 


Expansion slots have either two connectors (62-pin 
and 36-pin) or one connector (62-pin). Slots with 
both connectors support a 16-bit data bus and the 
high-order address lines, LA<23..17> as well as 
additional interrupt and DMA lines. Slots with only 
one connector support only an 8-bit data bus with 
address lines SA<19..0>. 


This section presents the expansion bus and the 
system timing requirements and includes: 


® Detailed explanations of the expansion bus signals 


= Major functions supplied to the expansion bus, such 
as 


Address Handling 

Data Handling 

Non-CPU Operations 

DMA Operations 

Dynamic RAM Refresh 

Other Bus Master Operations 


= Timing Considerations 
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Address Handling 


When the CPU begins a bus cycle, it places an address 
on the address bus. This address may be placed on 
the bus while the previous cycle is still in 
progress. Since most devices expect to see a valid 
address for the duration of a bus cycle, the system 
board latches the address onto the system bus. 


System bus lines that contain the latched address are 
SA<19..0>. These latches are of the fall-through 
type so that when the address latch enable signal 
(ALE) goes active, the address appears at the output. 
When ALE goes inactive, the addresses will stay on 
the outputs until the next bus cycle begins. 


Some high speed devices overlap some operations ,such 
as address decoding. To allow this, the system bus 
provides a set of address lines (LA<23..17>) that are 
not latched but which provide a greater setup time to 
do decoding. When the address changes, expansion bus 
devices may decode the high-order address lines and 
then latch them using BALE. This allows expansion 
bus devices to take advantage of addresses for the 
next bus cycle that may be placed on the bus before 
the current bus cycle is complete. 


When other devices (such as DMA or other bus masters) 
take control of the system bus, the BALE line is held 
active for the entire duration of the operation. As 
a result, expansion bus devices cannot use BALE to 
latch the high-order address lines. Therefore, 
LA<23..17> should be held stable for the entire 
duration of each bus cycle. 
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Data Handling 


Data handling for these products is accomplished with 
two data buses. The first is the 8-bit bus that is 
compatible with previous products. It is provided by 
the SD<7..0> lines. External devices and memory that 
are limited to 8-bit transfers use this bus and the 
control lines SMRDC-, SMWTC-, IORC-, and IOWC- to 
enable or latch data on the bus. 


Devices that can transfer data 16 bits at a time must 
also use the SD<15..8> lines for data transfer. The 
lines SBHE- and SAO are used to determine which 
byte(s) are desired. These devices tell the system 


board that they are 16-bit devices by setting the 
M16- or [016- (as appropriate) when they are 


addressed. Table 2-48 lists the signal 
relationships. 


During 12-MHz local memory cycles, the MRDC-, MWIC-, 
SMROC-, SMWTC-, IROC-, IOWC-, and SBHE- strobes are 

inhibited on the expansion bus. This allows maximum 
compatibility with the standard 8-MHz expansion bus. 


Table 2-48. M16-, I016-, SAQ, and SBHE- Signal 


Relationship 

M16- or I016- SAO SBHE- Cycle Type 

High High ---- Odd byte transfer on 
lines SD<7..0> 

High low ---- Even-byte transfer on 
lines SD<7..0> 

Low High High Reserved 

Low High Low Odd-byte transfer on 
lines SD<15..8> 

Low Low High Even-byte transfer on 
lines SD<7..0> 

Low Low Low Even-word transfer on 


lines SD<15..0> 


Non-CPU Operations 


The system board supports several operations that are 


not related to the processor chip itself. These are 
refresh, traditional direct memory access, and 
expansion bus master access. Refresh is provided to 
prevent loss of data in dynamic RAMs (DRAMs). The 
other operations are used by expansion bus devices 
that require access to memory or I/0 without 
processor intervention. 


The system board prioritizes the requests for each 
type of service according to the following rules: 


If the CPU jis the bus master, it completes the 
current processor cycle. This includes word 
operations to 8-bit memory, which execute as two 
single-byte operations. 


If the CPU has an instruction LOCKed, it will 
complete the instruction. 


There is an automatic LOCK between an interrupt 
acknowledge and the first bus write in the 
acknowledge sequence. 


In the 80286 Protected-Virtual mode, 
segment-description operations are automatically 
LOCKed; that is, six words are loaded at one time. 


Refresh and other DMA cycles are started on a 
first-come, first-served basis after the CPU 
releases the bus. 
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= If arefresh is in progress when a DMA cycle is 
requested, the DMA cycle will be run without 
allowing the CPU to regain control of the bus. 


= If a direct memory cycle is in progress when a 
refresh is requested, the refresh cycle will be 
run without allowing the CPU to regain control of 
the bus. 


= The DMA controller will hold the bus until all 
outstanding DMA requests are handled. 


= If a OMA channel is programmed for demand or block 
transfer modes, the DMA controller will keep the 
bus for the entire time to complete the programmed 
operation. 


m Wait states or 8-bit memory anywhere in the system 
can delay the time required to acknowledge a DMA 
request. 


Because of the above conditions, peripheral designers 
must assume that the latency on any DMA request can 
be as high as 10-12 us in a typical system using only 
diskette operations. If more than one DMA device is 
operating at one time, the latency can be even 
greater. If a program uses a LOCK prefix before 
string instructions or uses block- or demand-mode 
DMA, then the latency could reach the millisecond 
range. 
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DMA Operations 


The DMA controllers in the system operate as a 
separate subsystem from the main bus controller. 
They handle requests from the DMA peripherals, 
arbitrate between them, and then request access to 
the system address and control lines from the CPU. 


There are two types of DMA: byte and word. One of 
the DMA controllers is connected to handle byte-DMA 
operations, the other, word-DMA operations. To 
simplify the arbitration between sources, the request 
line from the byte controller is connected to a DMA 
request line (DRQ4) on the word controller. The word 
DMA controller is programmed for cascade mode on 
channel 0 (to which DRQ4 is connected) so that it 
will not actually place an address on the bus when it 
acknowledges the byte controller's request. 


Byte-DMA Operations 


The DMA byte cycle begins when a peripheral sets a 
DRQ<3..0> line active. The DMA controller then 
arbitrates among any other pending requests and sets 
the hold request output active. This line (DRQ4) is 
connected to the word controller, as discussed above, 
which does its arbitration. The word controller then 
sets its hold request line active, which is in turn 
synchronized and arbitrated by the hold arbitration 
logic discussed above. 


When the system responds to the request with an 
acknowledge, the word DMA controller will respond 
with a DAK4, which acts as a hold acknowledge to the 
byte controller. After synchronizing the 
acknowledge, the byte controller will place an 
address on the bus lines. 


Logic drives the SBHE- line in the opposite sense of 
SAO in order to satisfy 16 bit devices on the bus. 
When the 16-bit devices are stabilized, the DMA 
controller drives the lines IORC-, IOWC-, MWIC-, and 
MRDC- according to the type of cycle being run. If 
SAO is high and the addressed memory is 16-bit, logic 
routes the data between the low half and high half of 
the data bus. The data is moved from high to low on 
memory reads and from low to high on memory writes. 


Word-DMA Operations 


Word-DMA operations are possible only between word 
memory (16 bit) and word peripherals. Also, the DMA 
cannot operate on an odd-address boundary, on either 
memory or I/0. The system latches the SAO and SBHE- 
lines to enable 16-bit devices on the bus. 


The word-DMA cycle begins when a peripheral sets a 
DRQ5-DRQ7 line active. The DMA controllers then 
arbitrate among any other pending requests and set 
the hold request output active. 


When the system responds to the request, the word-DMA 
controller will, after synchronizing the acknowledge, 
respond with a DAKx acknowledge to the peripheral. 
The DMA controller will place the address on the bus 
and then drive the control lines. 


Dynamic RAM Refresh 


The dynamic RAM refresh subsystem is designed to do a 
memory read cycle on each of 512 addresses in the 
memory space as addressed by SA<8..0>. During the 
RAM refresh time the other address lines are in an 
undefined state. The system can also be driven by an 
external source if another bus master has control. 
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The system consists of a timer (part of the 8254) 
that generates the refresh requests every 15.924 us, 
arbitration logic that arbitrates whether the refresh 
controller or the DMA subsystem gets control of the 
bus, a timing generator, and a refresh address 
counter. The refresh request rate of 62.799 kHz 
provides 128 refresh cycles in 2.038 ms, or 256 
cycles in 4.0765 ms, or 512 cycles in 8.153 ms. 


If an external bus master wishes to take the bus for 

long periods of time, it must perform refresh or risk 
losing the contents of dynamic memory. The external 

bus master can do this by developing its own refresh 

request timer and internal arbitration. 


When it is not otherwise driving the bus but still 
has bus control, the bus master can generate a 
refresh cycle by pulling the REFRESH- line low with 
an open collector gate. When the MRDC- line goes 
inactive from the refresh cycle, the REFRESH- line 
should be released. The external bus master can then 
take full control. 
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Other Operations by Bus Masters 


This system allows other bus masters to take over the 
system buses and use the I/0 peripherals and memory. 
This is accomplished by the bus master software 
programming an unused DMA channel for cascade 
operation. When this is complete, the bus master can 
request the bus by setting the appropriate DRQx 
(<7..5>, <3..0>) line active and waiting for a 
response. 


When the system responds with DAKx, the bus master 
can pull the GRAB- line active (low), disabling the 
address, data, and control lines. The bus master 
should then wait one BCLK period before enabling its 
own buffers with valid address information and wait 
one more BCLK period before driving the control 
lines. 


When the bus master is finished, it should release 
the GRAB- and DRQx lines to allow the CPU to continue 
operations. If the bus master keeps control of the 
bus for more than 15 us, then it must provide its own 
refresh timing and request logic to prevent loss of 
dynamic memory contents. 


Bus Driving/Loading Information 


The following information is provided to improve the 
probability that third-party controller boards wil] 
work with the standard COMPAQ boards and options. 


On bus lines that can be driven by a controller 
board, the driver should be able to sink a minimum of 
20 mA and source 10 mA at 0.5 Vde and 2.4 Vdc 
respectively. 


On bus lines that are driven in the low direction 
only (open collector), the driver should be able to 
sink 20 mA at 0.5 Vdc. 


The load on any logic line from a single bus slot 
should not exceed -2.0 mA in the low state (at 
0.5 Vdc) or 0.1 mA in the high state (at 2.7 Vdc). 


The logic-high voltage at the expansion bus ranges 
from 2.0 Vde to 5.5 Vdc. The logic low voltage at 
the expansion bus ranges from -1.2 Vdc to 0.8 Vdc. 


Bus Timing Information 


In the HIGH mode, the system clock toggles between 
two frequencies (12 MHz or 8 MHz) according to 
address, in which case the new speed will occur 
during the BALE time. 


During these changes, the bus timings for the 
affected cycles will be somewhere between the actual 
12 MHz and 8 MHz timings. Table 2-49 lists the 
important timing parameters for the expansion slots. 
This information assumes that the system clock is at 
a constant speed of 8 MHz. 


NOTE: The expansion bus timing information is 
provided to aid in a general understanding of 
the system and is subject to change. 
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Table 2-49. Expansion Slot Timing Parameters 


Address access time from SA<19..0> address lines, 
16 bit bus read cycle. 


Access time 8 MHz 228 ns 


Address access time from SA<19..1> address lines, 
8 bit bus read cycle. 


Access time 8 MHz 603 ns 


Address access time from SAO address line, 8 bit bus 
read cycle. 


Access time 8 MHz 589 ns 
Access time from BALE active, 16 bit bus read cycle. 


Access time 8 MHz 232 ns 
MRDC- Access time, 16-bit bus read cycle. 


Access time 8 MHz 190 ns 


IORC- access time, 16-bit bus read cycle. 


Access time 8 MHz 127 ns 


MRDC-, IORC-, access time, 8-bit bus read cycle. 


Access time 8 MHz 502 ns 
SMRDC- access time, 8-bit bus read cycle. 


Access time 8 MHz 484 ns 


CPU read data hold from MRDC-, IROC-, inactive, 8-bit 
bus cycle. 


Hold 8 MHz loons 
(Continued) 
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Table 2-49. (Continued) 
LAx address valid to 16-bit memory command setup. 


setup 8 MHz 106 ns 


16-bit bus memory cycle M16- low delay from LAx 
address valid. 


Maximum allowed delay 8 MHz 108 ns 
BALE valid to 16-bit memory command setup. 

setup 8 MHz 20 ns 
BALE valid to M16- setup. 

Setup 8 MHz 7 ns 


SA<19..0> address valid to 16-bit memory command 
setup. 


setup 8 MHz 22 ns 
SA<19..0> address valid to I/0, 8-bit command setup. 


setup 8 MHz 84 ns 


SAO address hold from command. 


Hold 8 MHz 96 ns 
SA<19..1> address hold from command. 


Hold 8 MHz 110 ns 
CPU write data setup to MWIC- active, 16-bit bus 
memory cycle. 


setup 8 MHz -5 ns 
(Continued) 


Table 2-49. (Continued) 
CPU write data setup to IOWC- (16/8-bit), MWTC- 
(8-bit), active. 


setup 8 MHz 58 ns 
CPU write data setup to MWIC-, IOWC-, inactive, 
16-bit bus cycle. 


setup 8 MHz 245 ns 
CPU write data setup to MWIC-, IOWC-, inactive, 8-bit 


bus cycle. 


Setup 8 MHz 620 ns 
Refresh address setup to MRDC- active. 


setup 8 MHz 76 ns 
Refresh address hold from MRDC- inactive. 


Hold 8 Hz -5 ns 


Refresh wait state BUSRDY low delay from MRDC- 
active. 


Maximum allowed delay 8 MHz 90 ns 
Refresh wait state BUSRDY high setup to BCLK rising. 


Setup 8 MHz 5 ns 
CPU memory or I/0 command wait state BUSRDY high 
setup to BCLK rising. 


Setup 8 MHz 51 ns 
CPU 16-bit memory command wait state. 
BUSRDY low delay from command active. 


Maximum allowed delay 8 MHz 75 ns 
(Continued) 


Table 2-49. (Continued) 
CPU 16-bit I/0 command wait state. 
BUSRDY low delay from command active. 


Maximum allowed delay 8 MHz 12 ns 
CPU 8-bit command wait state. 
BUSRDY low delay from command active. 


Maximum allowed delay 8 MHz 387 ns 
CPU minimum command active from BUSRDY high after 
added wait state. 


Command active 8 MHz 135 ns 


CPU maximum command active from BUSRDY high after 
added wait state. 


Command active 8 MHz 300 ns 


CPU 16-bit memory command no wait state NOWS- low 
delay from command active. 


Maximum allowed delay 8 MHz 20 ns 
CPU 8-bit memory command no wait state NOWS- low 
setup to BLCK falling required. 


Setup required 8 MHz 16 ns 
DMA memory read, I/0 write command additional wait 
state. BUSRDY low delay from memory read command 
active. 


Maximum allowed delay 8 MHz 182 ns 
DMA I/O read, memory write command additional wait 
state. BUSRDY low delay from I/0 read command 
active. 


Maximum allowed delay 8 MHz 273 ns 
(Continued) 
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Table 2-49. (Continued) 
Required I/0 data access time from IORC- for DMA 
write to RAM. 


DMA I/0 read access time 8 MHz 264 ns 


DATA valid after IOWC- low during DMA read from RAM. 


DMA data valid from IOWC- low 8 MHz 163 ns 


DATA setup to IOQWC- high during DMA read from RAM. 


Data setup to IOWC- high 8 MHz 217 ns 
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2.16 MISCELLANEOUS SYSTEM In the FAST mode, all memory addresses or bus cycle 
BOARD INFORMATION types operate at 8 MHz except: 


This section contains miscellaneous information that = DMA transfers (4 MHz) 


does not relate to any of the other sections, such 


as: The HIGH mode operates the system board RAM and ROM 


at a faster (12 MHz) speed. In the HIGH mode, the 
= Speed control following memory addresses or bus cycle types 
continue to operate at 8 MHz: 


@ Memory with addresses 000000h to O9SFFFFh not 
physically located on the system board. 


= Memory with addresses 0A0000h to ODFFFFh 


= Memory with addresses 100000h to FDFFFFh not 
Clock Circuits physically located on the system board. 


All 1/0 devices, except DMA transfers (4 MHz) 


= Real-Time Clock and Configuration-Memory Battery 
=" Indicators 
= Fuses 


= Speaker Interface 


System Board Power Requirements 


Any 8-bit memory device 
Speed Control 
= FAST - I/0 speed = 8 MHz, memory speed = 8 MHz 


= HIGH - I/O speed = 8 MHz 
Memory Speed (Expansion Bus) = 8 MHz 
Memory Speed (System Board) = 12 MHz 


m AUTO - operates in HIGH, except to switch to 8 MHz 
during diskette operations 


In the HIGH mode, the following memory addresses or 
bus cycle types operate at 12 MHz: 


m RAM in base memory (000000h to OSFFFFh) physically 
located on the system board. 


m RAM in extended memory (100000h to FDFFFFh) 
physically located on the system board 


= ROM (0£0000h to OFFFFFh and FEO000h to FFFFFFh)) 


The speed is controlled by system software through 
the keyboard controller (8042). 


The AUTO mode is a subset of the HIGH mode. In the 
AUTO mode, all cycles operate as in HIGH mode, 
except that the default system speed automatically 
switches to 8 MHz during diskette operations. 
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Switch SW1 position 6 together with the AUTO jumper 
sets the speed of the CPU when the system is powered- 
on. When the speed switch is OFF and AUTO is 
disabled, the system boots in the HIGH mode, and the 
CPU speed can be toggled between HIGH and FAST mode 
using the multiple key combination of Ctrl, Alt, \. 


When the speed switch is OFF and AUTO is enabled, the 
system will boot in the AUTO mode, and the CPU speed 
can be toggled between AUTO and FAST mode using the 
multiple key combination of Ctrl, Alt, \. 


When the speed switch is ON, the CPU speed is limited 
to the FAST mode and use of the multiple key 
combination Ctrl, Alt, \ will not affect the CPU 
speed. 


The MODE SPE[ED] command overrides the speed switch 
and AUTO jumper settings in all cases. 


2-202 80286-Based Products Technical Reference Guide 


Real-Time Clock and Configuration- 
Memory Battery 


Table 2-50 lists the battery voltage range at the 
battery connector under load condition. 


Table 2-50. Battery Connector Pinout 
Battery Voltage 

Pin Function Min. Max. 

l +5 VDC Power 

2 Keyed 

3 Not Used 

4 


5.0 5.4 


The voltage for a new battery must not exceed 6.2 V 
open circuit. The current drain on the battery 
varies with the voltage and the clock operating mode, 
but is between 50 to 90 uA after running SETUP. The 
maximum current is less than 150 uA. 


CAUTION 
Only Authorized Dealers should 
replace the system battery. Extreme 
caution must be observed to replace 
the battery with an identical battery 
type and on the correct connector pins. 


Indicators (LEDs) 


The system board has a light-emitting diode (LED) 
that lights when the +5 Vdc power is ON. 


Fuses 


The 12-MHz system board has no user-replaceable 
fuses. 


Speaker Interface 


The speaker interface allows the speaker to be driven 
from two sources: the 8254-2 interval timer 2, or 
the processor through port 61h bit <1>. In addition, 
the 8254 interval timer 2 can be enabled and disabled 
from port 61h bit <0>. 


To use the 8254 interval timer to generate a tone, 
program Timer 2 to the desired frequency (the input 
clock rate is 1.193 MHz) and set port 6ih bits <0> 
and <l> to 1. If the speaker is to be toggled 
directly by the CPU, port 6lh bit <0> should be set 
to 0 and bit <1> should be toggled. 


Clock Circuits 
The two crystal oscillators on the system board 
provide: 


= Clock frequencies for the 80286 processor and the 
entire system 


= A clock source for video color-burst signal and 
general timing 


A crystal oscillator provides a 48-MHz frequency that 
is divided by 2 or 3 (software-selected) by the 
clock-generator interface to provide a master clock 
for the 80286. 


The clock generator interface then divides both the 
48-MHz and the master clock to supply the clocks used 
by the 80287 and other clocked devices. This 
interface also controls the reset signal. System 
reset does not occur until power levels are stable, 
that is,until PWRGOOD signal from power supply 
becomes active. 


A second crystal oscillator on the system board 
provides a 14.31818-MHz (4 times 3.579545 MHz) clock 
signal for color-burst timing. This clock signal 
connects to pin B30 of the board slots for use by the 
video controller and other boards. 


System Board Power Requirements 


The system board uses +5 VDC and +12 VDC power and 
distributes power for other components of the system 
from the -5 VOC, -12 VDC and auxiliary +12 VDC 
provided by the power supply. 
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2.17 GATE ARRAY DEVICES 


The 12-MHz system board has three gate array devices: 
= Memory and Speed Control (MSC) Gate Array 

= Clock and Buffer Control (CBC) Gate Array 

= Memory Map (MAP) Gate Array 


This section describes the Gate Array Devices and 
provides a functional overview of each device. 


MSC Gate Array 


The MSC Gate Array includes the memory decoding and 
speed change functions. 


The speed change function indicates whether the 
system should run at 12 MHz or 8 MHz when operating 
in the HIGH mode. The memory decoding functions 
include the generation of chip select and output 
enable signals, as well as multiple RAS and CAS lines 
for memory bank and hi/lo byte selection. In 
addition, the MSC Gate Array provides the address 
during REFRESH cycles. 
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CBC Gate Array 


The CBC Gate Array provides buffer and clock control. 
It includes the clock switching/generation logic, 
generation of automatic and requested wait-states, 
shutdown logic, 8/16 bit bus conversion, and bus 
arbitration. 


MAP Gate Array 


The MAP Gate Array includes the DMA page register, as 
well as the circuitry for PORT B, SPEAKER and GATE 
control, REFRESH DETECT, and NMI control. 


2.18 JUMPERS AND SWITCHES 


The 12-MHz system board has three switch positions 
not used for memory selection (Figure 2-64). These 
switch positions are described in Table 2-51. 


Table 2-51. System Board Switch SW1 Settings 


SWl1 Position Setting Description 
6 CLOSED CPU speed limit setting - 


8 MHz (FAST) 
OPEN CPU speed toggle active 
(HIGH/FAST or AUTO/FAST) 
COMPAQ Graphics or RGBI 
Video Controller 
OPEN non-COMPAQ monochrome/text 

video controller 

7 CLOSED Reserved 


Legend: CLOSED = ON, OPEN = OFF 


8 CLOSED 


The AUTO jumper (labeled E5 on the system board) 
settings enables or disables an additional speed 
option. When AUTO is enabled, the default system 
speed automatically switches to 8 MHz during diskette 
drive operations. This allows time-dependent copy- 
protection schemes to work properly. Table 2-52 
lists the AUTO jumper settings. 


Table 2-52. AUTO Jumper (E5) Settings 
Setting Description 
1-2 AUTO disabled (CPU toggle: HIGH/FAST) 


1-2 AUTO enabled (CPU toggle: AUTO/FAST) 
Note: The AUTO jumper has no effect if the speed 


switch is set to limit the CPU speed to FAST. 


2.19 CONNECTORS AND EXPANSION 
SLOTS 


Tables 2-53 and 2-54 list the system board connectors 
and expansion slots, respectively. Table 2-55 
describes the expansion slot signals. Figures 2-64 
through 2-74 show the connectors on the system board. 


Table 2-53. system Board Connections 
COMPAQ 


Function DESKPRO 286 (12-MHz Only) 
Fixed disk drive power J109 or J110 (See Note) 
Drive power (Out) J111-J112 

Monitor power J113 

speaker J115 

Keyboard J116 

DC_power(In) J117 

Battery J118 


security lock J119 
Note: J110 is for a fixed disk drive back-up or 
second fixed disk drive. 
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Table 2-54. System Board Expansion Slots 

Slot 62-Pin 36-Pin Function 

1 J101 Ji21 Expansion (available) 

2 J102 N/A Expansion (available) 

3 J103 J123 Expansion (available) 

4 J104 J124 Expansion (available) 

5 J105 J125 Expansion (available) 

6 J106 J126 Fixed Disk Drive Controller 
7 J107 J127 Video Display Controller 


8 J108 N/A Diskette/Tape Controller 
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J111, J112, Diskette Drive Power Connector 


Ji10, Fixed Disk Drive Backup 
or Second Fixed Disk Drive Power Connector 


J109, Fixed Disk Drive Power Connector 
Ji17, Main Power 


Connector J118, Battery Connector 
es ee es 
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J115, Speaker 
Connector 


SW1 Configuration . Switch 
J116, Keyboard Connector E5 Auto Jumper 


Figure 2-64. System Board Connectors, SW1l Switch, and AUTO. Jumper Locations 
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Table 2-55. Expansion Slot Signals 
Signal Slot 


Name Pin Type Description 

AEN All 0 This output signal when inactive (low) indicates that the CPU or controller board bus master 
has control of the bus. When active, the DMA controller has control of the bus. It is 
often used to disable devices which must not respond during a DMA cycle. 

BALE B28 0 This output signal (when high) indicates that a valid address is present on the LA<23..17> 
address lines. The LA<23..17> address lines or any decodes developed from them should be 
latched at the falling edge of BALE. This line is high when a DMA or bus master operation is 
occurring. 

BCLK B20 0 This output signal is provided to allow synchronization to the main processor clock. Its 
frequency will be either 8 MHz or 12 MHz. 

BUSRDY Al10 I This input signal is used to lengthen a bus cycle from its standard time if a controller 
board cannot respond quickly enough. It should be pulled low by an open collector type 
device as soon as a slow addressed device is selected and held low until the device has 
responded. Bus cycles are lengthened by an integral number of (BCLK) cycles. This line 
should not be held low for more than 2.5 us. This line should be driven by an open-col lector 


device capable of sinking 20 mA. 


DAKO- DO08 0 These output lines (DMA Acknowledge) indicate that a request for a DMA service from the DMA 
DAKi- B17 0 subsystem has been recognized. The acknowledge is indicated by a LOW on this line. Use this 
DAK2- B26 0 line with the IORC- or IOWC- line to decode the desired DMA device. If used to signal 

DAK3- B15 0 acceptance of a bus-master request, this signal indicates when it is legal] to pull GRAB- low. 
DAK5- D10 0 

DAK6- Dl2 0 

DAK7- D14 0 

DRQO DOS I These input lines are used to request a DMA service from the DMA subsystem or to gain control 
DRQ1 B18 I of the system bus from the main CPU (DMA request). The request is made when the line goes 
DRQ2 BO6 I from allow to a high and must remain high until the appropriate DAK<7..5>, <3..0> line goes 
DRQ3 B16 I active. 

DRQ5 D11 I 

DRQ6 D13 I 

DRQ7 D15 I 


(Continued) 
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Table 2-55. (Continued) 


Signal Slot 

Name Pin Type Description 

GRAB- D17 I This input signal is used to indicate that a controller board bus master is controlling the 
bus. A controller board can pull this line low when the appropriate DAK line is made active, 
signaling that a master request is granted. The system address, data and control lines wil] 
be floated, allowing the controller board to begin controlling them one full BCLK period 
after GRAB is made active. At least one more full BCLK period should be allowed after 
putting a valid address on the bus before activating any of the control lines. This line 


should be driven by an open-collector device capable of sinking 20 mA. 


GROUND BOl = -- These lines are connected to the system ac and de ground. The maximum current allowed on any 
B10—s-- single contact is 1.5 A. 
B31 = -- 
DI8—es«- 

IOCHK- A01 I This input signal is used to signal the CPU about parity or other serious errors on 


controller boards. This signal should be driven low by an open collector type output capable 
of sinking 20 mA when an uncorrectable system error occurs. 


IORC- B14. 1/0 This output line (I/0 read) indicates (when low) when an I/0 device is to send data to the 
data bus. It can be driven by a controller board acting as a bus master. 

IOWC- B13. 1/0 This output line (1/0 write) indicates (when low) when an 1/0 device is to accept the data 
from the data bus. It can be driven by a controller board acting as a bus master. 

1016- D02 I This input line (I/0 is 16 bits) signals the system that the addressed I/0 device is capable 


of transferring 16 bits of data at once. When this line is made active, during an I/O read 
or write, the standard one wait state I/0 cycle will be run. This line should be driven low 


by an open-collector device capable of sinking 20 mA. 


TRQ3 B25 I These input lines are used to interrupt the CPU to request some service. The interrupt is 
IRQ4 B24 I recognized when the line goes from a low to a high and remains there until the appropriate 
IRQ5 B23 I interrupt service routine is executed. 

IRQ6 B22 I 

IRQ? B21 I 

IRQS B04 Nf 

TRQIO DO3 I 

IRQ11 D04 ] 

IRQ12 DO5 I 

IRQ14 DO7 I 

TIRQ15 DOG I 


(Continued) 
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Table 2-55. (Continued) 
Signal Slot 


Name Pin Type Description 

LA17 C08 1/0 These output signals (Latchable Address) are used to decode memory which must respond with 
LA18 C07. I/O zero or one wait state. They are only guaranteed to be valid when BALE is high. These can 
LA19 CO6 1/0 be driven by a controller board acting as a bus master. 

LA20 co5.=—s«d1/O 

LA21 C04 = «I /0 

LA22 Co3.—=—s: 1/0 

LA23 C02. ~=«I/0 

MRDC- COS I/0 This output line (Memory Read) indicates (when low) when a memory device is to send data to 


the data bus. This signal is active over the entire address space of the system. It can be 
driven by a controller board acting as a bus master. 

MWTC- Ci0 I/0 This output line (Memory Write) indicates (when low) when a memory device is to accept the 
data from the data bus. This signal is active over the entire address space of the system. 
It_can be driven by a controller board acting as a bus master. 

M16- DO1 I This input line (memory is 16 bits) signals the system that the addressed memory is capable 
of transferring 16 bits of data at once. When this line is made active, during a memory read 
or write, the standard one wait state memory cycle will be run. This line should be derived 
from the LA<23..17> address lines. This line should be driven low by an open collector 
device capable of sinking 20 mA. 

NOWS- B08 I This input line (No Wait State) is used to inform the system that standard wait states can be 
deleted for cycles when this line is made active. The line must be pulled low 45 ns before 
the falling edge of BCLK in order to be recognized. This line should be driven by an open 


collector device capable of sinking 20 mA. 


OSC B30 0 This output signal is a clock for use in video color burst and other general timing 
applications. Its frequency is 14.31818 MHz and duty cycle is approximately 50%. 

REFRESH- B19 I/0 This output signal is used to indicate (when low) a refresh cycle in progress. It should be 
used to enable the SA<8..0> address lines to the row address inputs of all banks of dynamic 
memory so that when the MRDC- goes active, the entire system memory is refreshed at one time. 


It_ can be driven by a controller board acting as a bus master. 


RESDRV B02 0 This output signal is used to reset the hardware during power-on or power failure. 
(Continued) 
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Table 2-55. (Continued) 


Signal Slot 


Name Pin Type Description 

SA0 A31 1/0 These bidirectional signals address memory or I/0 devices within the system. They form the 
SAl A30 1/0 low order 20 bits of the 24 bit address bits that the system offers. These lines are enabled 
SA2 A29_ 1/0 onto the bus while BALE is high and are latched when BALE goes from a high to a low state. 
SA3 A28 1/0 These can be driven by a controller board acting as a bus master. 

SA4 A27 1/0 

SA5 A26 1/0 

SA6 A25 1/0 

SA7 A24 1/0 

SA8 A23. 1/0 

SAI A22 = I/0 

SA10 A21 1/0 

SA11 A20 1/0 

SA12 Alg =‘ [/0 

SA13 Al8 I/0 

SA14 Al7 1/0 

SA15 Al6 1/0 

SA16 Al5 1/0 

SA17 Al4 1/0 

SA18 Al3 1/0 

SA19 Al2 1/0 

SBHE- COl 1/0 This output signal (System Bus High Enable) indicates (when low) that the high half of the SOD 


data bus should transfer the data on boards which support the full 16-bit data bus. It can 
be driven by a controller board acting as a bus master. 


SDO A09 I/0 These bidirectional signals are the low 8 bits of the system data bus. They should be used 
SD1 A08 1/0 exclusively by all eight bit devices to transfer data. Sixteen-bit devices should use these 
SD2 A0Q7. I/0 lines to transfer only the low half of a data word when the address line AO is low. These 
$D3 A06 I/0 can be driven by a controller board acting as a bus master. 

SD4 A05 1/0 

SD5 A0d4 =-I/0 

SD6 A03 =-1/0 

SD7 Ad2 1/0 


(Continued) 
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Table 2-55. (Continued) 
Signal Slot 


Name Pin Type Description 

SD08 C11 1/0 These bidirectional signals are the high 8 bits of the system data bus. Sixteen bit devices 

SDO9 Ci2 1/0 should use these lines to transfer the high half of a data word when the line SBHE- is low. 

SD10 Ci3 1/0 These can be driven by a controller board acting as a bus master. 

SD11 C14. =1/0 

$D12 Ci5 1/0 

$D13 Ci6 1/0 

SD14 C17 —=—-:1/0 

SD15 Cis 1/0 

SMRDC- B12 0 This output line (Standard Memory Read) is active (low) only when an address from 000000h to 
OFFFFFh is decoded. This line is derived from MRDC-. 

SMWTC- Bll 0 This output line (Standard Memory Write) is active (low) only when an address from 000000h to 
OFFFFFh is decoded. This line is derived from MWIC-. 

T/C B27 0 This output signal (when high) indicates that the Terminal Count of a DMA operation has been 
reached. It should be decoded with the appropriate DAKx line for proper operation. 

+5 Vdc B03 -- These lines are connected to the system power supply for 5 volts. In addition to the maximum 

B29 -- current available from the supply, the maximum current allowed on any single contact 
D16 -- is 1.5 A. 

-5 Vdc BO5 -- This line is connected to the system power supply for minus 5 volts. This supply is intended 
for low-current usage only (500 mA). 

-12 Vdc B07 -- This line is connected to the system power supply for minus 12 volts. This supply is 
intended for low-current usage only (1.0 A). 

+12 Vde B09 -- This line is connected to the system power supply for 12 volts. In addition to the maximum 


current available from the supply, the maximum current allowed on this contact is 1.5 A. 


2-212 80286-Based Products Technical Reference Guide 


The 36-pin connector conducts the high-order byte of 
the 16-bit data bus, the memory address lines for 
bits DAK<7..5>, LA<23..17>, signals, and more. These 
signals generally relate to 16-bit or high-address 
memory transfers. 


The 62-pin connector conducts the signals needed by 
adapters that do not need word-length data transfers 
or access to more than the base 1 MB of memory. 


Figure 2-65 shows the 36-pin connector and the 
signals that it provides. 


Signal 
M16— 
1016— 
IRQ10 
IRQ11 
IRQ12 
IRQ15 
IRQ14 
DACKO-— 
DRQO 
DACKS— 
DRQS 
DACK6— 
DRQ6 
DACK7— 
DRQ?7 
+5 V 
GRAB-— 
SIGNAL GROUND 


Pin 


Pin 


Signal 
SBHE— 
LA23 
LA22 
LA21 
LA20 
LAI9 
LA18 
LAI? 
MRDC— 
MWTC— 
SD8 
SD9 
SD10 
SD11 
$D12 
$D13 
$D14 
SD15 
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Figure 2-66 shows the 62-pin connector and the signals that it provides. 


Pin Pin 


Signal Signal 
GROUND lOCHK— 
RESDRV SD7 
+5 Vde SD6 
IRQ9 SDS 
-—5 Vde SD4 
DRQ2 SD3 
—12 Vdc SD2 
NOWS-— SD1 
+12 Vdc SDO 
GROUND BUSRDY 
SMWTC— AEN 
SMRDC— SA19 
lOwC— SA18 
lIORC— SA17 
DAKS- SA16 
DRQS SA15 
DAK1— SA14 
DRQ1 SAIS 
REFRESH— SA12 
BCLK SA11 
IRQ7 SA10 
IRQ6 SAQ 
IRQS SA8 
IRQ4 SA7 
IRQS SA6 
DAK2— SAS 
T/C SA4 
BALE SA3 
+5 Vde SA2 
OSC SA1 
SIGNAL GROUND SAO 


Figure 2-66. Expansion Slot - 62-Pin Connector 
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+5 Vde 
Ground 

No Connection 
SPK DRV 


fm Gh 


Figure 2-67. J109 and J110, Fixed Disk Drive or 
Fixed Disk Drive Back-up Power 


Connector Figure 2-70. 
| Battery + V 
2 Key 
3 No Connection 
4 Ground 


Figure 2-68. Jl11 and J112, Diskette Drive Power 


Connectors 
Ground 6 3 +5 Vde Figure 2-71. 
+12 Vde 5 2 KBDDATA 
Ground 4 1 KBDCLK 


Chassis Ground 


Figure 2-69. J113, Monitor Power Connector 


Key 

Ground 

+12 Vdc MON 
+12 Vdc MON 
Ground 

Key 


AN &WDHY 


J115, Speaker Connector 


1 +5 Vdc 
2 Key 

3 +12 Vdc 
4 Ground 
5 Ground 


J116, Keyboard Connector 


System Board (12-MHz Only) 2-215 


+5VRST (Not Used) 
PWRGOOD 

No Connection 
+12Vde (Aux) 

—12 Vde 

Ground 

Ground 

Ground 

Ground 

-5 Vdc 

+5 Vdc 

+5 Vdc 

+5 Vde 

+5VS 

+12 Vde (Main) Figure 2-73. J118, Battery Connector 
+12 Vde (Aux) 

+12 Vde (Aux) 

+12 Vde (Main) 

Ground 

Ground 


Battery + V 
Key 

No Connection 
Ground 


WN 


oom ae oe es es es ee 
OWOANYNI AOA WDN TP ODOWOAN AYN HhWN 


ed 


Enable Keyboard 
2 Ground 


Figure 2-72. J117, Main Power Connector 


Figure 2-74. J119, Security Lock Connector 
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2.20 COMPONENT LAYOUTS AND 
SCHEMATICS 


Figure 2-75 shows the component layout for the 12-MHz 
COMPAQ DESKPRO 286 system board. Figure 2-76 shows 
the schematics for this system board. Compaq 
Computer Corporation does not guarantee the accuracy 
of the component layout or the schematics. They are 
provided to aid in a general understanding of the 
system operation. 


Memory and Speed Control (MSC) Gate Array 
Clock and Buffer Control (CBC) Gate Array 
Socket for 80287 

CPU (80286) 
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Memory Map (MAP) Gate Array 
Interrupt Priority Encoders (8259) 
Real—Time Clock (MC146818) 


Interval Timer (8254) 


es ee = —= 
_ oe A | | |= |e 


oes (=e 


CO) 
Expansion 
Bus I 
;—_ 


DMA Controllers (8237A—5 


b a a ee es ee ee a ot 


i se es ee —_ jo Bank O 


i 
| 


I 
i 
i 
1 

1 
h 
i 
1 
1 
i 
I 
t 

4 
1 
1 
1 
i 
i 
r 
i 
5 


cic cic ot 
Sita ies 
oir ics if} 
RAM UJ RAM I RAM ] 
Bank 3 ! Bank 2 FT Bank1 1 
Sj eS eet 
ee | a || eS | a | | 
a as) | | || 
S.C te et 
aS ate Ee = Keyboard 
Secesoee ee ered rere eee eee Controller 
=n 8042 
eet en 
ae ROM Set 2 
ROM Set 1 


Figure 2-75. The 12-MHz COMPAQ DESKPRO 286 System Board Component Layout 
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NOTES UNLESS OTHERWISE SPECIFIED: 
ALL RESISTORS ARE 1/4 WATT, 5% 
COMPONENT NOT INSTALLED 


SWITCH SETTINGS (4) JUMPER SETTINGS (CONT) 


Swi: E3: 

(POS 1 | RAM IC TYPE POS I-2 OSCILLATOR PACKAGE 
USE 256K x | RAKS SHORT SINGLE PACKAGE 
[USE 64k x 1 RAHS PEN [DUAL PACKAGES 


+ U 6 r 
POS 2] Po 
6 


|_ HENOP GENERATION | 
OISCRETE GATE 
CBC INTERNAL 


|__ AUTO SLOWDOWN __ 
DISABLE IN SOFTWARE 
ENABLE [N SOFTWARE 


UNUSED GATES 
5 RNI2C g 


33,8-S 


8. 2k. 10 1 RNIZA 5 


OFF MONOCHROME 19 RMLOL, 33. 8-S 
3 


+ NOTE: POS 1 = ON REQUIRES POS 4 = OFF 8. 2K, 10 
POS 2 ANO POS 3 FUNCTION PROPERLY 19 1 
JUMPER SETTINGS 


El AND Ee: 
PO 


Figure 2-76. The 12 MHz COMPAQ DESKPRO 286 System Board Schematics (Page 1 of 19) 
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Chapter 3 
COMPAQ DESKPRO 286 System Memory Board 


3.1. INTRODUCTION 


The COMPAQ DESKPRO 286® Version 1 System Memory Board 
is required for use with the COMPAQ DESKPRO 286 
Version 1 System Board. The System Memory Board 
provides system memory, ROM and RAM. Memory address 
decoding and memory support functions are described 
in Chapter 2, SYSTEM BOARD. 


There are three versions of the COMPAQ DESKPRO 286 
System Memory Board. All three boards are 
functionally equivalent. Version 1 can be 
distinguished from Versions 2 and 3 by component 
layout (see Figures 3-1 and 3-2). Versions 2 and 3 
have the same component layout, but they have 
different assembly numbers. (See Figure 3-2 for 
location of assembly number). Version 2 has assembly 
number 000178-XXX and Version 3 has assembly number 
000382-XXX. 


Figures 3-1 and 3-2 show the component layout of the 
COMPAQ DESKPRO 286 System Memory Boards. Figure 3-3 
shows the functional block diagram. 


3-1 
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Figure 3-1. COMPAQ DESKPRO 286 System Memory Board Version 1 Component Layout 
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Figure 3-2. COMPAQ DESKPRO 286 System Memory Board Version 2 and Version 3 Component Layout 
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Figure 3-3. COMPAQ DESKPRO 286 System Memory Board Functional Block Diagram 


COMPAQ DESKPRO 286 System Memory Board 


3.2 COMPAQ DESKPRO 286 SYSTEM 
MEMORY BOARD RAM 


NOTE: Memory address decoding and memory support 
are explained in Chapter 2. 


The COMPAQ DESKPRO 286 System Memory Board has 

128 Kbyte of RAM soldered in the first bank (Bank 0). 
The four remaining banks (Banks 1 through 4) are 
socketed so that either 64K x 1-bit or 256K x 1-bit 
RAM chips may be used. Memory must be expanded in 
full-bank increments (18 RAM chips) in contiguous and 
ascending order, using the same type of dynamic RAM 
(DRAM) devices. 


Tables 3-1, 3-2, and 3-3 show the possible memory 
configurations and the corresponding jumper settings 
and address ranges for Versions 1, 2, and 3 of the 
System Memory Board respectively. 


Table 3-1. Memory Configurations and Corresponding Jumper Settings Version 1 


RAM Bank Bank Bank Bank Bank 
Jumper Setting Address Range Size 0 1 2 3 4 
E1-E2 E5-E6 0-640 KB 64 KB 128 KB 128 KB 128 KB 128 KB 128 KB 
El1-E2 E4-€5 0-512 KB 64 KB 128 KB 128 KB 128 KB 128 KB (128 KB) 
E2-E3 E5-E6 0-640 KB; 1-2.5MB 256 KB 128 KB 512 KB 512 KB 512 KB 512 KB 
E2-E3 E4-E5 0-640 KB 256 KB 128 KB 512 KB (512 KB) (512 KB) (512 KB) 


Notes: 1. All memory sizes are in Kbytes unless otherwise noted. 


eine. 


2. Use the instructions that come with the COMPAQ memory option kit to properly configure your memory board. 


3. Memory banks shown in parentheses ( ) are not enabled when the jumpers are set as shown, regardless of 


whether or not RAM is installed in these banks. 
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Table 3-2. Memory Configurations and Corresponding Jumper Settings Version 2 


El Jumper RAM Bank Bank Bank Bank Bank 
Setting Address Range Size 0 1 2 3 4 

1-2 5-6 0-640 KB 64 KB 128 KB 128 KB 128 KB 128 KB 128 KB 
1-2 4-5 0-512 KB 64 KB 128 KB 128 KB-~ 128 KB 128 KB. (128 KB) 
2-3 5-6 0-640 KB; 1-2.5MB 256 KB 128 KB 512 KB 512 KB 512 KB 512 KB 
2-3 4-5 0-640 KB 256 KB 128 KB 512 KB (512 KB) (512 KB) (512 KB) 


Notes: 1. All memory sizes are in Kbytes unless otherwise noted. 
2. Use the instructions that come with the COMPAQ memory option kit to properly configure your memory board. 
3. Memory banks shown in parentheses ( ) are not enabled when the jumpers are set as shown, regardless of 


whether or not RAM is installed in these banks. 


Table 3-3. Memory Configurations and Corresponding Jumper Settings Version 3 


El Jumper RAM Bank Bank Bank Bank Bank 
Setting Address Range Size 0 1 2 3 4 

1-2 5-6 0-640 KB 64 KB 128 KB 128 KB 128 KB 128 KB 128 KB 
1-2 4-5 0-512 KB 64 KB. 128 KB 128 KB 128 KB 128 KB (128 KB) 
2-3 5-6 0-640 KB; 1-2.5MB 256 KB 128 KB 512 KB 512 KB 512 KB 512 KB 
2-3 4-5 0-256 KB 128 KB 128 KB (128 KB) (128 KB) (128 KB) 


Notes: 1. All memory sizes are in Kbytes unless otherwise noted. 
2. Use the instructions that come with the COMPAQ memory option kit to properly configure your memory board. 
3. Memory banks shown in parentheses ( ) are not enabled when the jumpers are set as shown, regardless of 


whether or not RAM is installed in these banks. 


There are five possible memory configurations for the 
COMPAQ DESKPRO 286 System Memory Board. 
Configurations 1 through 5 are supported by Versions 
1 and 2. Configurations 1, 2, 3, and 5 are supported 
by Version 3. 


1. 0-640 KB using 64K x 1-bit DRAM chips 
2. 0-512 KB using 64K x 1-bit DRAM chips 


3. 0-2.176 MB using 256K x 1-bit DRAM chips 
(0-640 KB plus 512 KB-1536 kB) 


4. 0-640 KB using 256K x 1-bit DRAM chips 
5. 0-256 KB using 64K x 1-bit DRAM chips 


In every configuration, the lowest 128 Kbytes of RAM 
is permanently installed as Bank 0. Figure 3-4 and 
3-5 shows the relationship between the memory map and 
the installed RAM banks for each configuration. 


Configurations 2 and 5 are for use with certain 
hardware and software packages that require system 
memory to be limited. These configurations disable 
the specified address ranges without requiring 
removal of the unused RAM. 


The system memory board uses COMPAQ-approved 

64K x l-bit or 256K x 1-bit DRAMs with a response 
time of 150 ns or faster. (CAS access time must 
be 75 ns or faster.) 


COMPAQ DESKPRO 286 System Memory Board 


377 


See ee a a a a a eS ooo 


3-8 80286-Based Products Technical Reference Guide 
Configuration 1 2 3 4 5 
Total Memory 
Memory Range 
000000h 
128 KB : 
O1FFFFh 
020000h 
256 KB 
OSFFFFh 
040000h 
384 KB ; 
OSFFFFh 
060000h 
512 KB : 
O7FFFFh 
080000h 
640 KB : 
OOSFFFFh 
one This memory space Is reserved for ROMS and 
OFFFFFh memory—mapped boards, such as wWdeo display cdntrollers. 
100000h 
1152 KB : 
17FFFFh 
180000h 
1664 KB 
1FFFFFh 
200000h 
2176 KB : 
27FFFFh 


Note: Deselected banks are denoted by "/////; RAMs installed In these banks are Ignored. 


Figure 3-4. 


COMPAQ DESKPRO 286 (with Version 1 System Board) Memory Configurations 


eS = SS SS 
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Total Memory 
Memory Range 
000000h 
128 KB 
O1FFFFh 
020000h 
256 KB ; 
OSFFFFh 
040000h 
384 KB 
OSFFFFh 
060000h 
512 KB 
O7FFFFh 
080000h 
640 KB : 
OSFFFFh 
OAO0OOh 
OFFFFFh 
100000h 
1152 KB 
17FFFFh 
180000h 
1664 KB : 
iFFFFFh 
200000h 
2176 KB 
27FFFFh 
Figure 3-5. 


Banks 1-4 


filled with 


64K x 2 RAMS 


Banks 1—4 


filled with 


256K x 1 RAMS 


This memory space is reserved for ROMS and 


memory—mapped boards, such as video display controllers 


COMPAQ DESKPRO 286 (with Version 2 System Board) Memory Configurations 


Use SW1 positions 2 and 3 
to disable RAM in this 
address space. 


Use SW1 positions 4 and 5 
to disable RAM in this 
address space. 
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3.3 COMPAQ DESKPRO 286 SYSTEM 
MEMORY BOARD ROM 


The COMPAQ DESKPRO System Memory Board has four 
28-pin sockets for ROM or EPROM. The ROM sockets are 
addressed as two pairs, each 16 bits wide and 
designated as ROM Set 1 (always present and including 
address OFFFFOh or FFFFFOh) and system ROM SET 2 
(located in the address space 64 Kbytes below 

ROM Set 1). 


ROM Set 1 controls the initial system operation 
(resetting and initializing the system). This code 
is known as the BIOS (Basic Input Output System). 
Installed in the two ROM Set 1 sockets are 16K x 8 
devices, one containing all even bytes and the other 
containing all odd bytes. The two ROM Set 2 sockets 
are empty and are provided for future expansion. 


ROMs can be, by pairs, either 8K x 8, 16K x 8, or 32K 
x 8 bits in size and can be either static or dynamic. 
ROM Set 1 occupies the 64-KB space at address 0F0000h 
through OFEFFFh and identically at address FF0000h 
through FFFFFFh. ROM Set 2 occupies the 64-KB space 
at address 0£0000h through OEFFFFh and identically at 
address FE0000h through FEFFFFh. 


When 32K X 8 ROM chips are used, the pair of ROM 
chips fill the entire 64-Kbyte address space. When 
16K x 8 ROM chips are used, the most-significant 
address bit is not decoded, so the ROM chips are 
double-mapped into two identical 32-Kbyte sections of 
the 64-Kbyte address space. 


Similarly, when 8K x 8 ROMs are used, the two most- 
significant address bits are not decoded, so the ROM 
chips are quadruple-mapped into four identical 
16-Kbyte sections of the 64~-Kbyte address space. 


3.4 JUMPERS 


Several jumpers are provided to enable use of a 
variety of types of ROM for special applications. 


Tables 3-4 and 3-5 lists the jumper settings and 
resulting configuration for each type of ROM. 


Table 3-4. Jumper Settings for ROM Sets 1 and 2 - 
Version 1 System Memory Board 

ROM Set 1 

Jumper Settings ROM Type 

E7-E8 E10-E11 E13-E14 8Kx8, Static ROM, 250 ns 

E8-E9 €10-El1l E13-E14  16Kx8, Static ROM, 250 ns 

E7-E8 €11-E12 £E13-£14 Invalid 

E8-E9 E11-E12 E13-E14  32Kx8, Static ROM, 250 ns 

E7-E8 €10-El1 E14-E15 8Kkx8, Dynamic ROM, 150 ns 

E8-E9 E10-El1 E14-E15  16Kx8, Dynamic ROM, 150 ns 

E7-E8 El1-E1l2 E14-E15 Invalid 

E8-E9 El1-E12 E14-E15 32Kx8, Dynamic ROM, 150 ns 

ROM Set 2 

Jumper Settings ROM Type 

E16-E17 E19-E20 E22-E23 8Kx8, Static ROM, 250 ns 

E17-E18 £E19-E20 E22-E23 16Kx8, Static ROM, 250 ns 

E16-E17 £20-E21 £E22-E23 Invalid 

El17-£18 E20-€21 E22-E23 32Kx8, Static ROM, 250 ns 

El16-E17 E19-E20 £23-E24 8Kx8, Dynamic ROM, 150 ns 

E17-E18 £€19-E20 £23-E24 16Kx8, Dynamic ROM, 150 ns 

E16-E17 E20-E21 €23-E24 Invalid 

E17-E18 E20-E21 E23-E24 32Kx8, Dynamic ROM, 150 ns 


COMPAQ DESKPRO 286 System Memory Board oa] 
Table 3-5. Jumper Settings for ROM Sets 1 and 2 - 
Version 2 and 3 System Memory Board 
ROM Set 1 - E2 
ROM Set 2 - £3 
Jumper Settings ROM Type 
1-2 4-5 7-8 8Kx8, Static ROM, 250 ns 
2-3 4-5 7-8 16Kx8, Static ROM, 250 ns 
1-2 5-6 7-8 Invalid 
2-3 5-6 7-8 32Kx8, Static ROM, 250 ns 


1-2 4-5 8-9 
273. 4-5. 8-3 
LeZ- - Deb: = OH9 
2-3 5-6 8-9 


8Kx8, Dynamic ROM, 150 ns 
16Kx8, Dynamic ROM, 150 ns 
Invalid 

32Kx8, Dynamic ROM, 150 ns 
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There are no jumper headers installed. The jumpers 
are etched on the solder side (bottom) of the board 
in the following configurations: 


Version 1 

ROM Set 1: 16K x 8 Static ROM (E8-E9, E10-E11, 
E13-E14) 

ROM Set 2: 32K x 8 Dynamic ROM (E17-E18,£20-E21, 
E23-E24) 

Version 2 


ROM Set 1: 16K x 8 Static ROM (E1: 2-3, 4-5, 7-8) 
ROM Set 2: 32K x 8 Dynamic ROM (E2: 2-3, 5-6, 8-9) 


Changing the jumper settings requires cutting the 
conductor on the solder side (bottom) of the board to 
disconnect any unwanted jumpers, then soldering the 
wire(s) to jumpers as desired. 


NOTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 
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3.5 SCHEMATICS 


Figure 3-6 shows the schematics for the COMPAQ DESKPRO 286 System Memory Board Version 1. Figure 3-7 shows the 
schematics for the COMPAQ DESKPRO 286 System Memory Board Versions 2 and 3. Versions 2 and 3 have the same 
schematics, only the PALS are different. Compaq Computer Corporation does not guarantee the accuracy of the 
schematics. They are provided to aid in a general understanding of the system operation. 
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Figure 3-6. COMPAQ DESKPRO 286 System Memory Board Version 1 Schematics (Page 1 of 5) 
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Chapter 4 4-1 
512/2048-KBYTE MEMORY EXPANSION BOARD 


4.1 INTRODUCTION 


The 512/2048-Kbyte Memory Expansion Board provides 
for memory expansion of the COMPAQ DESKPRO 286° and 
the COMPAQ PORTABLE 286° Figures 4-1 and 4-2 show 
the component layouts for the two versions of the 
512/2048-Kbyte Memory Expansion Board. Figure 4-3 
shows the functional block diagram. 


WZ, Not Installed 


Figure 4-1. 512/2048-Kbyte Memory Expansion Board Figure 4-2. 512/2048-Kbyte Memory Expansion Board 
Version 1 Component Layout Version 2 Component Layout 
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Figure 4-3. 512/2048-Kbyte Memory Expansion Board Functional Block Diagram 


4.2 512/2048-KBYTE MEMORY 
EXPANSION BOARD RAM 


The 512/2048-Kbyte Memory Expansion Board has four 
banks of sockets (Banks 1...4) that provide for 
system memory expansion using 256K x 1 dynamic RAM 
(DRAM) chips. 


Memory must be installed in full-bank increments (18 
DRAMs) in contiguous and ascending order. 


There are four possible configurations (address 
ranges) for the 512/2048-Kbyte Memory Expansion 
Board: 


m 1-3 Megabyte for the COMPAQ PORTABLE 286 and 


COMPAQ DESKPRO 286 with 640 Kbytes of base memory. 


5-4.5 Megabyte for the COMPAQ DESKPRO 286 with 
2176 Kbytes or the System Memory Board or on the 
COMPAQ DESKPRO 286 Version 2 System Board. (See 
Note). 


5-6.5 Megabytes for the COMPAQ DESKPRO 286 with a 
2. 


5-megabyte Memory Expansion Board installed. 


5-4. 
=m 5-8.5 Megabytes for the COMPAQ DESKPRO 286 with a 
4.5-6.5 


-megabyte Memory Expansion Board installed. 


512/2048-Kbyte Memory Expansion Board 4-3 


NOTE: COMPAQ DESKPRO 286 Version 1 System Board 


Tables 


requires the System Memory Board. The 
Version 2 System Board has the system ROM and 
RAM on the system board and does not use the 
System Memory Board. 


4-1 and 4-2 show the possible memory 


configurations and their corresponding jumper 


settings. 

Table 4-1. Memory Configuration and Corresponding 
Jumper Settings - Version 1 Memory 
Expansion Board 

Jumper Address Bank Bank Bank Bank 

Setting Range 1 2 3 4 

E1-E2, 1-3 MB 512 KB 512 KB 512 KB 512 KB 

E5-E6 

El-E2, 2.5- 512 KB 512 KB 512 KB 512 KB 

E4-E5 4.5 MB 

E2-€3 4.5- 512 KB 512 KB 512 KB 512 KB 

E5-E6 6.5 MB 

E2-E3 6.5- 512 KB 512 KB 512 KB 512 KB 

E4-E5 8.5 MB 

Note: Use the instructions that come with the COMPAQ 


memory option kit to properly configure your 
memory expansion board. 
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Table 4-2. 
El Jumper Address 
Setting Range 
1-2,5-6 1-3 MB 
1-2,4-5 2.5- 
4.5-MB 
2-3,5-6 4.5- 
6.5 MB 
2-3,4-5 6.5- 
8.5 MB 
Note: 


Memory Configuration and Corresponding 


Jumper Settings - Version 2 Memory 
Expansion Board 


Bank 
1 


512 KB 
512 KB 


512 KB 


512 KB 


Bank 
2 


912 KB 
512 KB 


512 KB 


512 KB 


Bank 
3 


512 KB 
512 KB 


512 KB 


512 KB 


Bank 
4 


512 KB 
512 KB 


512 KB 


512 KB 


Use the instructions that come with the COMPAQ 


memory option kit to properly configure your 
memory expansion board. 


The 512/2048-Kbyte Memory Expansion Board uses 
approved 256K x 1 DRAM chips with a response time of 
150 ns or faster. (CAS access time must be 75 ns 

or faster.) Use Only 256K x 1 DRAM in the 
512/2048-Kbyte Memory Expansion Board. 


Never add a memory expansion board with an address 
range that will overlap with any existing memory 
boards. Be sure to install memory expansion boards 
so that memory is contiguous through the specified 
address range for a particular memory expansion 
board, all four banks of RAM must be installed. 


NOTE: Use the instructions that come with the 
COMPAQ Memory Expansion Board Option Kit to 
properly configure your memory board. 


The schematics supplied in Chapter 3, COMPAQ DESKPRO 
System Memory Board are generally accurate for the 
board except that memory bank 0 and ROMs are not 
installed. 
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Figure 4-4 shows the relationship between the memory map and the installed RAM banks for each configuration. 


CONFIGURATION CONFIGURATION 
1 2 > 4 
Total Memory 
Total Memory femoly “Benge 
480000h 
Memory Range 4736 KB 
100000h 4FFFFFh 
1152 KB : 
17FFFFh 500000h 
neces ia S7FFFFh 
1664 KB : 
1FFFFF 580000h 
air oi ae SFEFFFh 
2176 KB 
27FFFFh 600000h 
eenouen oer 67FFFFh 
2688 KB : 
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3FFFFFh 780000h 
ere aie JFEFFFh 
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47FFFFh g800000h 
8320 KB ; 
87FFFFh 
Figure 4-4. 512/2048-Kbyte Memory Expansion Board Configurations 
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Chapter 5 


onl 


MULTIPURPOSE CONTROLLER BOARDS 


5.1. INTRODUCTION 


The multipurpose controller and multipurpose fixed 
disk drive controller boards are described in this 
chapter. The multipurpose controller board is used 
in the 8-MHz COMPAQ DESKPRO 286® and COMPAQ PORTABLE 
286® Personal Computers 


The multipurpose fixed disk drive controller board is 
used in the 12-MHz COMPAQ DESKPRO 286 Personal 
Computer. 


Both controller boards supply the diskette drive and 
fixed disk drive drive backup controller board 
functions, as well as asynchronous and parallel 
printer communications functions. In addition to the 
above functions, the multipurpose fixed disk drive 
controller board also interfaces with a 40-megabyte 
fixed disk drive. 


To interface with the multipurpose fixed disk drive 
controller board, the 40-megabyte fixed disk drive 
has an integrated controller on a logic board 
attached to the drive. The multipurpose fixed disk 
drive controller circuitry provides address decoding, 
buffers, and a control] and data connector for the 
fixed disk drive controller. 


NOTE: If a second 40-megabyte fixed disk drive 
is added to a COMPAQ DESKPRO 286, a 40- 
megabyte fixed disk drive back-up cannot be 
added to the system's configuration. 


Figure 5-1 shows the component layout for the 
multipurpose controller board. Figure 5-2 shows the 
component layout for the multipurpose fixed disk 
drive controller board. 


Figure 5-3 shows the functional block diagram for 
both multipurpose controller boards. 
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Three functions of both controller boards are 
controlled by programmable devices: 


™ Diskette and fixed disk drive backup controller 
functions are handled by an NEC 765A floppy disk 
controller device. 


=m Asynchronous communications are handled by a 
National Semiconductor NS16450. 


= Parallel printer output and status are handled by a 
custom large-scale-integrated (LSI) device. This 
device also controls some drive control functions. 


The following sections describe these programmable 
devices and other functions of the multipurpose 
controller boards. 


Table 5-1 lists the I/0 ports used on the 
multipurpose controller boards. 


Diskette/Tape Controller 
Asynchronous (NEC765) 
Communicatlons Element 


(NS 16450) Custom LS! 


Sy 


1H 


| spe 


Figure 5-1. Multipurpose Controller Board Component 
Layout 
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Diskette Controller 
NEC 765A 


Custom LSI 
Asynchronous 


Communications Element 
NS 16450 


Figure 5-2. Multipurpose Fixed Disk Drive Controller 
Board Component Layout 
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Functional Block Diagram for Both Multipurpose Controller Boards. 
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Table 5-1. Controller Board I/0 Ports 
Multipurpose 
Controller 
Port R/W Register Functions Board 
2F8h R/W COM2 Divisor Latch LSB (with DLA bit = 1 [Note 1]) 
2F8h R COM2 Received Data (with DLA bit = 0 [Note 1]) 
2F8h W COM2 Transmit Data (with DLA bit = 0 [Note 1]) : 
2F9h R/W COM2 Divisor Latch MSB (with DLA bit = 1 [Note 1]) 7 


2FSh 
2FAh 
2FAh 
2FBh 
2FCh 
2FDh 
2FEh 
2FFh 
370h 
371h 
372h 
372h 
373h 
374h 
374h 
375h 
377h 
377h 
3BCh 
3BDh 
3BDh 


Notes: 


W COM2 Reserved 

R/W COM2 Line Control 

R/W COM2 Modem Control 

R COM2 Line Status 

R COM2 Modem Status 

R/W COM2 Reserved 

R/W Diskette2 Reserved (Note 2) 

R/W Diskette2 Reserved (Note 2) 

W Diskette2 Drive Control (Note 2) 

R Diskette2 Reserved (Note 2) 

R/W Diskette2 Reserved (Note 2) 

R Diskette2 Main Status (Note 2) 

W Diskette2 Reserved (Note 2) 

R/W Diskette2 Data (Note 2) 

R Diskette2 and Fixed Disk 2 Status (Note 2) 
W Diskette2 Data Rate (Note 2) 

R/W Printerl Data 

R Printerl Status 

W Printerl Reserved 

1. The DLA bit is in the Line Control register. 


boards, not diskette drives. 


(J1,1-2) 


(J3,2-3) 


Multipurpose Fixed Disk Drive 
Controller Board 


(J2,2-3),(J4,2-3) (Jl, Pos. 2) 


R/W COM2 Interrupt Enable (with DLA bit = 0 [Note 1]) 


R COM2 Interrupt ID 


(J2, Pos. 2) 


This bit must be set (=1) to access the divisor latches 
and reset (=0) to access the Data and the Interrupt Enable registers. 
2. Diskettel and Diskette2 are referencing the capabilities of using two addressable diskette controller 


(Continued) 
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Table 5-1. (Continued) 


Multipurpose Multipurpose Fixed Disk Drive 
Controller Controller Board 

Port R/W Register Functions Board 

3BEh R/W Printerl Control (J2,2-3) SW2 ON 

3BFh R/W Printer1 Reserved 2 3 

3F0h R/W Diskettel Reserved (J1,2-3) (J2, Pos. 1) 


3F 1h R/W Diskettel Reserved 

3F2h W Diskettel Drive Control 

3F2h R Diskettel Reserved 

3F3h R/W Diskettel Reserved 

3F4h R Diskettel Main Status 

3F4h W Diskettel Reserved 

3F5h R/W Diskettel Data 

3F7h R Diskettel and Fixed Disk 1 Status (Note 1) 
3F7h W Diskettel Data Rate 

3F8h R/W Divisor Latch LSB (with DLA bit = 1 (Note 2)) (J2,1-2),(J4,1-2) (Jl Pos. 1) 
3F8h R COM1 Received Data (with DLA bit = 0 [Note 2]) : “ 
3F8h W COM1 Transmit Data (with DLA bit = 0 (Note 2)) 
3FSh R/W COM1 Divisor Latch MSB (with DLA bit = 1 [Note 2]) 


3FSh R/W COMI Interrupt Enable (with DLA bit = 0 [Note 2]) " " 


3FAh R COM1 Interrupt ID 
3FAh W COM1 Reserved i " 


3FBh R/W COM1 Line Control 
3FCh R/W COM1 Modem Control 
3FDh R COM1 Line Status 
3FEh R COM1 Modem Status 
3FFh R/W COM1 Reserved 
Notes: 1. Only bit D7 of this port address is resident on the multipurpose controller board. Bits D<6..0> are 


resident on the fixed disk drive controller board. 
2. The DLA bit is in the Line Control Register. This bit must be set (=1) to access the divisor latches 


and reset (=0) to access the Data and the Interrupt Enable registers. 


5.2 DRIVE CONTROLLER CIRCUITS 


The drive controller board circuits control one or 
two 1.2-MB or 360-KB or 1.44-MB diskette drives and 
one fixed disk drive backup (10- or 40-MB). 


The drive controller uses four I/0 port addresses to 
transmit data to and from a diskette drive or fixed 
disk drive backup, to control the drive functions, 
and to read the current drive status. Table 5-2 
lists the port addresses for the drive controller. 


Table 5-2. Drive Controller Port Addresses 
Port 


1 2 R/W Register Function 


3F2h 372h W Drive Control 

3F4h 374h = R Drive Status 

3F5h 375h R/W Data 

3F7h 377h = W Data Transfer Rate Control 


3F7h 377h R Diskette and Fixed Disk Status 
be _ A ____{€_____H H_____——___ HH HHH HH} 
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DRIVE CONTROL (3F2h, WRITE ONLY) 


The Drive Control register is part of the Custom LSI 
device. It controls functions such as Interrupt and 
DMA Enable, Drive MOTOR ON, DRIVE SELECT, and 
Controller Reset. The format for this register is as 
follows: 


BIT 
76543210 

Li. 90 = Diskette drive 1 selected 
01 = Diskette drive 2 selected 
10 = Reserved 
11 = Fixed disk drive backup 

selected 

0 = Reset drive controller 
1 = Reenable drive controller 
0 = Interrupts and DMA disabled 
1 = Interrupts and DMA enabled 
0 = Diskette drive 1 MOTOR OFF 
1 = Diskette drive 1 MOTOR ON 
0 = Diskette drive 2 MOTOR OFF 
1 = Diskette drive 2 MOTOR ON 


00 = Reserved 
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MAIN STATUS (3F4h, READ-ONLY) 


The Main Status register is part of the NEC 765A 
drive controller. It is used as the Diskette Status 
register. 


DATA (3F5h) 


The Data register is part of the NEC 765A drive 
controller. Data and NEC 765A controller commands 
are written, and data and status bytes are read from 
the controller through this port. 


DATA TRANSFER RATE CONTROL (3F7h, WRITE-ONLY) 


The Data-Transfer Rate Control register shares port 
3F7h with the Diskettel and Fixed Diski Status 
register. This register contains the current 
data-transfer rate in kilobits per second (kb/s). 
The format for this register is: 


BIT 
76543210 

Date-Transfer Rate 
(kb/s) 

00 = 500-kb/s 

01 = 300-kb/s 

10 = 250-kb/s 

11 = Reserved 


000000 = Reserved 


DISKETTE AND FIXED DISK1 STATUS (3F7h, READ ONLY) 


This register provides both diskettel status 
information (bit <7>) and fixed diskl status 
information (bits <6...0>). The format for this 
register is as follows: 


BIT 
76543210 
| | L— Drive Select 0- 
Drive Select 1- 
Head Select 0- 
Head Select 1- 
Head Select 2- 
Head Select 3- 


Write Gate- 
Diskette Change 


Drive Controller (NEC 765A) 


The NEC 765A Floppy Disk Controller is the heart of 
the multipurpose controller board. It accepts 
commands from the system and controls most drive 
functions and the transfer of data to and from the 
drives. 


The NEC 765A operates in the DMA mode for data 
transfers to the system. It issues a DMA request 
signal (DRQ2) and receives a DMA Acknowledge signal 
(DACK2-) for each byte transferred. 


The NEC 765A has two registers, a Data register and 
the Main Status register (See Table 5-3). The Data 
register is used to program the device or to transmit 
or receive blocks of data. 


Table 5-3. NEC 765A Registers 


Port 
1 2 Function 


3F4h 374h Main Status Register 
3F5h 375h Data Register 


Multipurpose Controller Boards 5-9 


All NEC 765A commands have three operating phases: 


= The command phase, where the NEC 765A receives the 
command from the system. 


= The execution phase, where the NEC 765A carries out 
the command. 


= The results phase, where the status and results are 
read back from the NEC 765A to the system. 


For detailed command information, refer to the NEC 
765A or Intel 8272A component data sheets. 


The Custom LSI Device 


The Custom LSI device is a circuit for address 
decoding and control signal timing. It is addressed 
as a port device to control the diskette drive motors 
and for drive selection. 
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Programmable Data Transfer Rate 


The system can transfer data with the diskette drives 
at 250-, 300-, or 500-kb/s. Table 5-4 lists the data 
transfer rates used by various drives. The Data- 
Transfer Rate Control register format describes the 
byte that specifies the present transfer rate. 


Table 5-4. Programmable Data Transfer Rate 

Transfer 

Rate When Used 

500 kb/s 1.2-Megabyte Diskette Drive with 
1.2-Megabyte media or 1.44-Megabyte 
Diskette Drive with 1.44-Megabyte media. 

500 kb/s 40-Megabyte Fixed Disk Drive Backup with 


40-Megabyte media 
300 kb/s 1.2-Megabyte Diskette Drive with 


360-Kbyte media 


250 kb/s Double-density diskette drive, Fixed Disk 
Drive Backup with 10-megabyte media; or 


1.44-Megabyte Diskette Drive with 720-Kbyte 
media 


Data Separator 


Data separation separates the Data and Clock signal 
from the drives into separate Clock and Data lines. 
Several devices form a voltage-controlled 
oscillator/phase-locked loop circuit to perform the 
data separation. 


Write Precompensation and Write 
Control 


Write precompensation is a process of time shifting 
write data bits to help negate an opposite shift 
induced during magnetic recording. This process 
increases the data integrity at high data densities. 
The data density increases as the diskette drive head 
approaches the center tracks (track 40 or 80). 


Write precompensation is always on. The amount of 
precompensation varies with the data transfer rate 
(See Table 5-5). 


Table 5-5. Write Precompensation Amounts 
Transfer Rate Precompensation 
500-kilobytes per second 125 ns 
300-kilobytes per second 208 ns 


250-kilobytes per second 250 ns 


5.3 ASYNCHRONOUS 
COMMUNICATIONS CIRCUITS 


The asynchronous serial port is always enabled except 
on revision level G (or later) multipurpose 
controller boards or on multipurpose fixed disk drive 
controller board, which can disable the port by 
setting Switch 3 in switch bank SW1 to the OFF 
position. 


The heart of the asynchronous communication circuit 
is a National Semiconductor NS16450 Asynchronous 
Communications Element (ACE). This device converts 
data received in a parallel format from the system to 
data in a serial format for a serial printer or other 
serial device. It also converts the serial data to 
parallel. 


This device is I/O-mapped at ports 3F8h..3FFh or 
2F8h..2FFh, depending on whether COM] or COM2 is 
selected (see Table 5-6). 
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Table 5-6. I/0 Ports for Asynchronous Communications 
Port 
| 2 Function 
3F8h 2F8h Receiver Buffer (when read by system), 
Transmitter Holding Register (when 
written to by system) 
or 
See Note Baud Rate Divisor Latch 
3F9h 2F9h Interrupt Enable 
or 
See Note Baud Rate Divisor Latch 
3FAh 2FAh Interrupt ID (read only) 
3FBh 2FBh_ Line Control 
3FCh 2FCh Modem Control 
3FDh 2FOh Line Status 
3FEh 2FEh Modem Status 
3FFh 2FFh Scratch 
Note: When bit 7 of the Line Control Register (LCR) 
is set (=1), writing to the first two ports 
programs the divisor rate for the Baud Rate 


Generator. 
bee ___________§.___§__—_ } 
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ACE RECEIVER BUFFER OR The divisor is found according to the formula: 
TRANSMITTER HOLDING REGISTER (3F8h) 


Divisor = 1843200 / (Desired Baud Rate x 16) 
This register contains the byte just received or the 
next byte to be transmitted by the ACE. The following tabulation gives the divisors 
calculated for specific baud rates: 


ACE BAUD RATE DIVISOR LATCH (3F8h, 3F9h) 
Baud Rate  Divisor 


The NS16450 contains a built-in baud rate generator 110 1047 

that divides the input clock (1.8432 MHz) by a 150 768 

divisor to create a desired baud rate or serial 

transmission frequency. oo see 
600 192 
1200 96 
2400 48 
4800 24 
9600 12 


Setting bit <7> (=1) enables the first two 1/0 
addresses of the Line Control register as the 
addresses for the least- and most-significant bytes 
of the 16-bit baud rate divisor. 


ACE INTERRUPT ENABLE REGISTER (3F9h) 


The bits of this register enable up to four interrupt 
sources. 


BIT 
76543210 
L— 1 = Received Data Available 

Interrupt enabled 

1 = Transmitter Holding Register 
Empty Interrupt enabled 

1 = Receiver Line Status 
Interrupt enabled 

1 = Modem Status Interrupt enabled 


0000 (Reserved) 
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ACE INTERRUPT ID REGISTER (3FAh, READ-ONLY) 


When a hardware interrupt occurs, the system searches 
for the device sending the interrupt and the reason 
for that interrupt. 


This register contains a bit that flags the ACE as 
the source of the interrupt and two bits that specify 
the reason for the interrupt. The ACE interrupts are 
prioritized, and listed below with the lowest- 
priority interrupt first. To clear the interrupt, 
read the contents of the register shown. 


BIT 
76543210 


: 


0 = Interrupt is pending (this 
device sent interrupt) 


00 = Modem Status Register--Clear To 
Send, Data Set Ready, Ring 
Indicator,or Carrier Detect 

01 = Transmitter Holding Register 

Empty 

Received Data Available 

Receiver Line Status Register 

(Overrun Error,Parity Error, 

Framing Error, or Break) 


10 
11 


00000 (Reserved) 
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ACE LINE CONTROL REGISTER (3FBh) 


This register specifies the serial data transmission 
format. 


BIT 
76543210 

LI 99 = 5-Bit Word 
01 = 6-Bit Word 
10 = 7-Bit Word 
11 = 8-Bit Word 
0 = 1 Stop Bit 
1 = 2 Stop Bits 
0 = Parity Bit Disabled 
1 = Parity Bit Enabled 
0 = Odd Parity 
1 = Even Parity 


1 = Stick Parity--with even 
parity enabled, the parity 
bit becomes active low 


1 = Break Control Bit--Forces 
SOUT signal low 


0 = Enable Receiver 
Buf fer/transmitter 
Holding Registers and Interrupt 
Enable Register Access. 
1 = Enable Divisor Latch Access 
to write Baud Rate Divisor 


ACE MODEM CONTROL REGISTER (3FCh) 


This register controls the modem interface lines. 


BIT 
76543210 


r 


DTR- Signal Active 


— 
tt 


RTS- Signal Active 


0 (Reserved) 


— 
it 


Enable Serial Port Interrupts 


— 
| 


Enable Internal Loopback 


000 (Reserved) 


ACE LINE STATUS REGISTER (3FDh, READ-ONLY) 


This register contains the status of the current data 


transfer. 


BIT 
76543210 


: 


A character is in the Data 
register to be read 


Overrun Error--data lost 
Parity Error 
Framing Error 


When a Break Interrupt has 
occurred 


Transmitter Holding register is 
empty, ready for character 


Transmitter Holding Register and 
Transmitter Shift Register are 
empty 


Reserved 


Multipurpose Controller Boards 


ACE MODEM STATUS REGISTER (3FEh, READ-ONLY) 


This register contains the status of the modem 
interface lines. 


BIT 
76543210 


; 


= CTS- has changed state since 
last read by the system 


1 = DSR- has changed state since 
last read by the system 


1 = RI- has changed state since 
last read by the system 


1 = DCD- has changed state since 
last read by the system 


1 = CTS- Signal Active 
1 = DSR- Signal Active 


1 = RI- Signal Active 
1 = DCD- Signal Active 


ACE RESERVED (3FFh) 


This is not currently used. 


eal) 
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5.4 PRINTER CIRCUITS 


The printer port is enabled either by setting Jumper 
J3, Pins 2-3, on the multipurpose controller board or 
by setting Switch 2 in switch bank SW1, on the 
multipurpose fixed disk drive controller board. When 
the printer is disabled, the printer port of a 
different controller can be used instead of the 
multipurpose controller board or multipurpose fixed 
disk drive controller board port. 


The printer circuits are addressed as ports. Data is 
sent in parallel to the printer, and printer status 
is received from the printer through these ports. 


Before printing, the system must select the printer 
for output (through the Printer Control] register). 
For each byte sent to the printer, the system: 


1. Checks the Printer Status register. 
If the busy, paper out, or printer fault signals 
are active, the system either waits until the 
status changes or it shows an error message. 


2. Sends a byte of data to the Printer Data register, 
then pulses the printer STROBE signal (through the 
Printer Control Register) for 500 ns (or longer). 


3. Monitors the Printer Status register for 
acknowledgement of the data byte before sending 
the next byte. 


In addition to data lines to the printer, the system 
also has several control lines that control printer 
functions. 


Printer functions are controlled by writing to or 
reading from I/0 ports. Table 5-7 provides I/0 Ports 
for Printer Access. 


Table 5-7. I/0 Ports For Printer Access 
Port R/W Function 
3BCh R/W Printer Data register 


3BDh_ =R Printer Status register 
3BEh R/W Printer Control register 


PRINTER DATA REGISTER (3BCh) 


Each byte written to the Printer Data register (read 
or write) is latched into a loopback register and is 
sent to the printer. The register contents can be 
read back (for test purposes). 
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PRINTER STATUS REGISTER (3BDh, READ-ONLY) 


This register contains the current printer status. 


BIT 
76543210 


_ 


000 (Reserved) 


0 


—" 


Printer Error 


Printer Selected (online) 
Out of Paper 


Printer acknowledges correct 
receipt of data byte 


Printer Busy 


Sab 
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PRINTER CONTROL REGISTER (3BEh) 


This register selects the printer for output, strobes 
the data into the printer, and performs other printer 
control functions. 


BIT 
76543210 


= 
1 


Printer Strobe 


Printer Auto Line Feed 


Initialize Printer 


a] 
iT} 


Printer Select 


— 
i} 


1 = Enable Interrupt Bit 


000 (Reserved) 
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5.5 JUMPERS 


Jumpers for both the multipurpose controller board and the multipurpose fixed disk drive controller board are given 
in this section. 


Multipurpose Controller Board Jumpers 


The multipurpose controller board has four jumpers which are described in Table 5-8. The jumper locations are 
shown in Figure 5-4. 


Table 5-8. Multipurpose Controller Board Jumpers 


Jumper 
Jl 


J2 


Function 


Diskette Controller Board Base-Address Select. This address-selection option is available for special 
applications and under normal circumstances should not be changed. 


(J1,1-2) Secondary (Diskette2) Address Select (370h) 

(J1,2-3) Primary (Diskettel) Address Select (3F0h, standard) 
“Diskettel and Diskette2" are referencing the capabilities of using two addressable diskette controller 
boards, not diskette drives. 
Asynchronous Communications Port Base-Address Select. This address-selection option allows two 
asynchronous communication ports to operate at the same time, using two I/0 port ranges. Jumpers J2 
and J4 are generally set together (see jumper J4). 


(J2,1-2) Asynchronous communications Port 1 (COM1) selected (3F8h, standard) 
(J2,2-3) Asynchronous communications Port 2 (COM2) selected (2F8h) 


(Continued) 


5-20 80286-Based Products Technical Reference Guide 


Table 5-8. (Continued) 
Jumper Function 


J3 Printer Enable. This jumper allows the printer port decoding to be disabled. This option prevents 
conflicts with I/0 addresses 3BCh-3BFh when a multifunction board is installed that has Printerl I/0 port 
decoding. 


(J3,1-2) Parallel Printer Port disabled 
(J3,2-3) Parallel Printer Port enabled (standard) 
J4 Asynchronous Communications Port Interrupt Select. This jumper option allows the interrupt request line 
associated with the asynchronous communications port to be changed when the selected asynchronous 
communications port is changed. COM1 and IRQ4 are used together, as are COM2 and IRQ3. 


(J4,1-2) Asynchronous Communications Port IRQ4 (COM1) selected (standard) 
(J4,2-3) Asynchronous Communications Port IRQ3 (COM2) selected 


J3, Printer Enable Jumper 


J2, Serial Port Base 
Address Select Jumper 


J501, Diskette/Tape 
Control Connector Custom LSI] 


J4, Serial Port Interrupt—Select Jumper 
J1, Diskette Controller Base Address Select 


J5@2, Parallel Printer Connector 


Figure 5-4, Multipurpose Controller Board Jumper Locations 
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Multipurpose Fixed Disk Drive Controller Board Jumpers 


The multipurpose fixed disk drive controller board jumpers are described in Table 5-9 and are shown in Figure 5-5. 


Table 5-9. Multipurpose Fixed Disk Drive Controller Board Jumpers 


Jumper Function 

Jl Asynchronous Communications Port Base-Address and Interrupt Request Select. This address-selection 
option allows two asynchronous communications ports to operate at the same time, using two I/0 port 
ranges. 


Position 1, Coml-Asynchronous Communications Port 1 selected (3F8H and IRQ4 standard). 
Position 2, Com2-Asynchronous Communications Port 2 selected (2F8h and IRQ3). 
J2 Diskette and Fixed Disk Drive Base-Address Select. This address selection option is available for 

special applications and under normal circumstances should not be changed. 

Position 1, Primary (Diskettel) Address Select (3F0h standard). 

Position 2, Secondary (Diskette2) Address Select (370h). 
"Diskettel and Diskette2” are referencing the capabilities of using two addressable diskette controller 
boards, not diskette drives. 


Note: To change the setting, remove the shunt jumper room the socket, rotate it 180 degrees, and reinstall the 


jumper in the socket. 


J2, Diskette Controller 
Base—Address Select 


J1, Serial Port Base— 
Address and Interrupt 
Request Select 


een 
oR CIMY 1-4 = ] 
‘Ss i hb Ee 


SW1, Switch Bank 1 


Figure 5-5. Multipurpose Fixed Disk Drive Controller 
Board Jumper Locations 


Multipurpose Controller Boards 5-23 


5.6 SWITCHES 


The multipurpose fixed disk drive controller board 
and multipurpose controller board version 2 have four 
switches in one switch bank (SW1). These switches 
are described in Table 5-10. 


Table 5-10. Multipurpose Fixed Disk Drive Controller 
Board Switch Positions (SW1) 


Number Function 
| Fixed Disk Drive Enable. This switch 


allows the fixed disk drive port to be 
disabled. 
S1 = On, fixed disk drive port enabled 
(standard) 
Sl = Off, fixed disk drive port disabled. 
Printer Enable. This switch allows the 
printer port to be disabled. This option 
prevents conflicts with I/0 addresses 
38Ch-38Fh when a multifunction board is 
installed that has a printer I/0 port at 
these addresses. 
S2 = On, Parallel Printer Port enabled 
(standard) 
S2 = Off, Parallel Printer Port disabled. 


3 Serial Port disable. Allows the serial 

(See port to be disabled. 

Note) S3 = On, Serial Port Enabled (Standard) 

S3 = Off, Serial Port Disabled 

4 Reserved Always Off. 

Note: This function is available only on revision 
level G (or later) multipurpose fixed 
disk controller boards. 


mM 
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5.7 CONNECTORS 


The connector descriptions for both the multipurpose 
controller board and multipurpose fixed disk drive 
controller boards are described in this section. 


Table 5-11 lists the connectors and the number of 
table that contains the signal description for each 
connector. Tables 5-12 through 5-16 contain the 
signal descriptions for each controller board 
connector. 


Figure 5-6 shows the multipurpose controller board 


connectors and jumpers. Figure 5-7 shows the 
multipurpose fixed disk drive controller board 


connectors and jumpers. 


The multipurpose controller board signals used by 
diskette drives and fixed disk drive backup are 
listed in Table 5-17. 


NOTE: Pin 34 of the 34-conductor control cable 
is implemented as the DISKETTE CHANGE- 
signal. Diskette drives that use this pin 
for DRIVE READY- do not work. 


Table 5-11. Controller Connectors 
Location of 
Connector Description Signal Description 
J701 Asynchronous Table 5-12 
Communication 
Connector 
J502 Parallel Printer Table 5-13 
Connector 
J902 Fixed Disk Drive LED Table 5-14 
J901 Fixed Disk Drive Table 5-15 


Controller 


Host Adapter Connector 
J501 Diskette Drive Connector Table 5-16 
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J701, Asynchronous Communications Connector 
J3, Printer Enable Jumper 


J2, Serial Port Base J902, Fixed Disk Drive LED Connector 
Address Select Jumper 

J5@1, Diskette/Tape J501, Diskette Drive Connector 
Control Connector Custom LSI 


J901, Fixed Disk Drive Host Adapter 


1] re 
es eee er 
Nal el — = 
‘Abe COT ic || 
OOo teh Ean 
J4, Seriol Port Interrupt—Select Jumper te 


Jl, Diskette Controller Base Address Select 


J502, Parallel Printer Connector J502, Parallel Printer Connector 


Figure 5-6. Multipurpose Controller Board Figure 5-7. Multipurpose Fixed Disk Drive Controller 
Connector Locations Board Connector Locations 
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Table 5-12. J701, 9-Pin Serial Connector Signals 


Signal Pin I/0 Description 
CARRIER 1 I Modem signal indicating 


that a connection is 
established with another 


DETECT (CD) 


modem 
CLEAR TO SEND 8 [| Modem signal indicating 
SEND (CTS) readiness to accept data 
DATA SET 6 | Modem signal--it is 
READY (DSR) online and can receive 
data 
DATA TERMINAL 4 0. Signal to a modem 


READY (DTR) indicating that the 
computer is ready 


RECEIVE DATA (RX) 2 I Serial data receive line 


REQUEST TO 7 QO. Signal to a modem to 
SEND (RTS) request a transmission 
RING 9 I Modem signal indicating 


INDICATOR (RI) that it is receiving a 


ringing signal from the 


SIGNAL GROUND 5 --+ -- 


TRANSMIT DATA (TX) 3 O- Serial data sent to modem 


Note: All signal levels are RS-232-C compatible. 


. ] H 
Signa a Pin Signal 
SIGNAL GROUND 5 9 RING INDICATOR 
DATA TERM RDY 4 

8 CLEAR TO SEND 
TRANSMIT DATA 3 

7 REQUEST TO SEND 
RECEIVE DATA = 2 6 DATA SET READY 
CARRIER DETECT 1 


CHASSIS GROUND 


Figure 5-8. J701, 9-Pin Asynchronous Communications 
Connector 


Table 5-13. J502, 25-Pin Parallel Printer Connector 
Signals 


Signal Pin I/0 Description 
ACKNOWLEDGE- 10 = I Data sent to printer has 
been received. 
Instructs printer to auto- 
matically feed one line of 
paper after receiving a 
carriage return. 
BUSY ll 6 Active-high signal indicating 
that the printer cannot 
receive data due to printing, 
offline, or error conditions. 
Signals transmit data to 
printer in 8-bit parallel 
format. 


AUTO 14 +O 
LINEFEED- 


DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 


ERROR- 1 


™ OD OT &S WP & © 


Indicates a printer error 
condition such as 


out-of-paper. 
SIGNAL 18 - Return conductors for 


GROUND 19 - all signals. 
20 C- 
21 = 
220=«C- 
23.0 
24 
25 


(Continued) 


Table 5-13. (Continued) 

Signal Pin I/0 Description 

INITIALIZE 16 QO Initializes the printer and 
PRINTER- clears the print buffer. 


This signal should remain 
active for at least 500 us. 


PAPER END 12 I Indicates that the printer is 


out of paper. 


SELECT 13. I Indicates that the printer is 
selected and online. 


SELECT IN- 17 0 


Selects the printer and 
enables it to accept data. 


STROBE- 1 OO On high-to-low transition, 
causes data present on DATA 
BIT lines to be loaded into 
printer. STROBE- pulse width 
must be a minimum of 500 ns. 
Data must be setup a minimum 
of 500 ns before the high-to 
low transition and held a 
minimum of 500 ns after the 


low-to-high transition. 


Note: All signals are TTL-level. 


Signal 

STROBE-— 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 
DATA BIT 


ACKNOWLEDGE— 10 


BUSY 


Om WNHY + O 


j 


PAPER END 


SELECT 


Figure 5-9, 
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vw 
3 


Pin Signal 

14 AUTO LINEFEED 
15  ERROR— 

16 INITIALIZE PRINTER— 
17. SELECT IN— 

18 SIGNAL GROUND 
19 SIGNAL GROUND 
20 SIGNAL GROUND 
21 SIGNAL GROUND 
22 SIGNAL GROUND 
23 SIGNAL GROUND 
24 SIGNAL GROUND 
25 SIGNAL GROUND 


On OnFr WN 


i<@) 


—_ 
— 


12 


re 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
09 
O 


oe 


J CHASSIS GROUND 


J502, 25-Pin Parallel Printer Connector 
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Table 5-14. J902, Fixed Disk Drive Controller LED 


Indicators 
Signal Pin I/0 Description 
LEDANODE 1 +5 VDC source for the fixed 
disk drive LED indicator. 
- - 2 Reserved 
ACTIVE- 3 0 Indicates that the fixed disk 


drive is being accessed. This 
line is used to drive an 
activity LED indicator that 
lights when the drive is 


activated. 
-- 4 Reserved 
Signal Pin Pin Signal 
LEDANODE 1 2 RESERVED 
ACTIVE 3 4 RESERVED 


Figure 5-10. J902, Fixed Disk Drive Controller LED 
Indicators Connector 


Table 5-15. J901, Fixed Disk Drive Controller Host 
Adapter Connector Signal Descriptions 


Signal Pin I/0 Description 
ACTIVE- 39 ] Active-low signal indicating 


that the fixed disk drive LED 
indicator is on and the fixed 
disk drive is being accessed. 
CSIFX- 37 0 Chip Select 1Fx. Chip select 
decoded from the address bus 
and gated with AEN to select 
the controller registers at 
addresses 1F0h and 1F7h. 
CS3FX- 38 0 Chip Select 3Fx. Chip select 


decoded from the address bus 
and gated with AEN to select 


the controller registers at 


addresses 3F6h through 3F7h. 


DAO 35 0 Address AO-A2. Buffered 

DAI 33 0 address lines from the address 

DA2 36 0 bus to the fixed disk drive 
controller. 

DALE 28 0 Address latch enable. Signals 


that address bus signals are 
stable and valid. 


DD7 3 I/0 Data bit 0-7. Least- 
DD6 5 1/0 significant eight bits of the 
DD5 7 I/0 16-bit data bus for data and 
DD4 9 I/0 status communication between 
DD3 11 I/0 the controller and the host. 
DD2 13. I/0 D7 is the most-significant 
DD1 15 I/0 bit of this byte. 
DDO 17 1/0 

(Continued) 


Table 5-15. 
Signa] 
DD8 
DDI 
DD10 
DD11 
DD12 
DD13 
DD14 
DD15 
DIOW- 


DIOR- 


1/016CS- 


IRQ14 


(Continued) 
Pin I/0 Description 

4 1/0 Data bit 8-15. Most-signif- 

6 1/0 icant eight bits for data and 

8 1/0 status communication between 

10 I/0 the controller and the host. 

12 I/0 DD15 is the most-significant bit 
14 1/0 of this byte. 

16 1/0 

18 I[/0 

23 QO 1/0 write. Active when the host 
writes a control byte or data 
word to the controller. 

25 0 I/0 read. Active when the host 
reads a status byte or data word 
from the controller. 

32 1 Chip Select 16. Chip select 
used to signal the processor 
that the current I/0 cycle is a 
16-bit, single wait-state cycle. 

31 I Interrupt Request 14. Asserted 


by the controller to interrupt 
the processor upon completion of 


a fixed disk drive operation. 


RST- 


1 


0 


Reset. This signal resets the 
controller to the initial 


power-on condition. 
SIGNAL 2,19, 


GROUND 22,24, 


26,30,40 
Note: Pins 20, 21, 27, 29, and 34 are not connected. 


Return conductor. 
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Signal Pin Pin 
RST— 1 2 
DD7 ) 4 
DD6 5 6 
DDS 7 8 
DD4 9 10 
DDS 11 12 
DD2 13 14 
DD1 15 16 
DDO 17 18 
SIGNAL GROUND 19 20 
RESERVED 21 22 
DIOW— 23 24 
DIOR— 25 26 
RESERVED 27 28 
RESERVED 29 30 
IRQ14 31 32 
Al 335 34 
AO 55 356 
CS1FX— 37 38 
ACTIVE— 39 40 
Figure 5-11. 


Signal 


SIGNAL GROUND 
DD8 

DD9Y 

DD10 

DD11 

DD12 

DD13 

DD14 

DD15 

KEY 

SIGNAL GROUND 
SIGNAL GROUND 
SIGNAL GROUND 
DALE 

SIGNAL GROUND 
lOCS16— 
RESERVED 

A2 

CSSFX— 

SIGNAL GROUND 


J901, Fixed Disk Drive Controller Host 


Adapter Connector 
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Table 5-16. J501, Diskette Drive Controller Signal 
Connector Descriptions 


Signal Pin 1/0 Description 
LOW DENSITY- 2 O Selects HIGH or LOW 


opened. 


Allows the selection 


DIRECTION- 18 0 
DISKETTE CHANGE- 34 ] 
DRIVE 1 SELECT- 14 0 
DRIVE 2 SELECT- 12 ) 
DRIVE 4(TAPE)SELECT- 6 0 
INDEX- 8 I 
MOTOR1 ON- 10 0 
MOTOR2 ON- 16 0 


density for 1.2-MB 
diskette drives. 


Not used on 360-KB 
diskette drives. 


Selects the 
direction to step 
the head when a 
step pulse is 
issued. 


Indicates that the 
drive door has been 


of a drive so that 
it can respond to 
the interface 
signals. 


(Diskette) Indicates 


to the drive 
controller that the 
media index opening 
is under the index 
sensor. 

Activates the drive 
motor. 


Activates the drive 
motor. 


(Continued) 


Table 5-16. (Continued) 


Signal Pin 1/0 Description 
READ DATA- 30 I This is the data- 


stream read from the 
drives and contains 
clock and data 
signals. 


SIDE SELECT- 32 O Selects Side 0 
(Head 0) or Side 1 
(Head 1). 

STEP- 20 O (Diskette) Tells 
the drive to step 
the heads one track. 


TRACK 00-/BUSY- 26 I (Diskette) Indicat- 
to the controller 
that the heads are 


at Track 0. 
WRITE DATA- 22 0 This stream of data 


is written to the 
drive when WRITE 
GATE- signal is 


enabled. 
WRITE GATE- 24 OQ Enables the drive's 


write circuits so 
data from the WRITE 
DATA- signal is 


written. 
WRITE PROTECT- 28 I Indicates to the 


drive controller 
that the media is 


write protected. 
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Signal Pin Pin Signal 

1 Z LOW DENSITY— 
3 4 Not Used 
5 6 DRIVE 4 (TAPE) SELECT- 
7 8 INDEX— 
) 10 MOTOR 1 ON- 
11 12 DRIVE 2 SELECT— 
13 14 DRIVE 1 SELECT— 
15 16 MOTOR 2 ON- 

GROUND 17 18 DIRECTION— 
19 20 STEP— 
21 22 WRITE DATA-— 
23 24 WRITE GATE-— 
25 26 TRACK 00/BUSY— 
Zt 28 WRITE PROTECT— 
29 30 READ DATA- 
31 32 SIDE SELECT— 
33 34 DISKETTE CHANGE-— 


Figure 5-12. J501, Diskette Drive Controller 
Connector 
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Table 5-17. Multipurpose Fixed Disk Drive Controller Signals Used by the Diskette Drives 
Controller Diskette Drive 1 Diskette Drive 2 Fixed Disk Drive Back-up 


Pin Function Pin Function (Note 1) Pin Function Pin Function 


DENSITY- 


DENSITY- (Note 2) 2 DENSITY- ‘DEN 
Not_used Not use Not Used ; Not Used ie 
DRIVE 4 (TAPE) SELECT- 6 ‘URIVE 4 SELECT] DRIVE 4 SELECT 

8 _INDEX- 8 INDEX- | 8 _INDEX- ; 8 INDEX- 


Detdsletagdetasietieietietess | si(t”*=“‘“‘“‘“‘é‘x Rega e tae cet arse tetsedicrasettesstsetarcetertets 0 Rag ee 
PePESCP Sr errti erste eseeeers SESTCRSSSISOSSOSOSSSUSSSSLSSSPOSS CSCO CSO S SSeS 08 0 0 0 es oro S 


sesesaesescese {3 a 2se3 : 3 
ck Syteiss ase geet 32 shits ree7 ty Siitagset ° 
: Hf eee ot Pa ee oP 23 bass $3: ch: spispsses 
$ i]: ct if site ith i BE eee dea ts BE fe sie ‘y: stiches: 

rT Bets is a 2 : roo egets H . hie : . 
3! Htsthittiecditiute a Sestistasdtttect? t534 et Seed A Hibbs et ttre 


12 DRIVE 2 (B) SELECT- 12 DRIVE 1 SELECT- (Note 3) 12 DRIVE 2 SELECT | 12 


ME DTETeneT Tee TeCanTODEETTESTREOTEOSGTTOLOTED OORT E EGET eG eT erst trent eine Tae en trie et tna Tete Tne te etetetrteres 
POETS STEELE eect eee eee e esas creates e ss etenss ||| BRSEAESSSSESESSSaccosssesessssssscgeseccestecetsssesee 000 BERG EEC ESET E TEES 
seees sess: : Sige HIMGME ns : ii : : shessiinie: 


14 DRIVE 1 (A) SELECT- Q HAE 2 SEENON DRIVE 1 SELECTH 
MOTOR 2 (B) ON- MOTOR 2 ON- : 

DIRECTION SELECT- DIRECTION SELECT- _DIRECTION SEE 
20 _STEP- 20 STEP- 20 _STEP- 20 STEP- 

22 WRITE DATA- 22 WRITE DATA- 22 WRITE DATA- 22 WRITE DATA- 
24 WRITE GATE- 24 WRITE GATE- 24 WRITE GATE- 24 WRITE GATE- 


Sieittt 
sgriaiiies 


Seassesesse ee ec ceteeee re eee Seta a cet issers 
eee e ete eee nate seme tet eee 0 BRR a eC ee ete e het e ete ens 
see setae ii ist fies 


26 TRACK 00-/BUSY- 26 TRACK 00-/) BUSY 26 TRACK 00-/ BUSY 26 TRACK G0+/ BUSY- 


28 WRITE PROTECT- 28 WRITE PROTECT- 28 WRITE PROTECT- 28 WRITE PROTECT- 
30 READ DATA- 30__READ DATA- 30__READ DATA- 30__READ DATA- 
SIDE SELECT- SIDE SELECT ar SIDE SELECT—_ STOE: SEL 


os CHANGE- ESRE ETE Ee GHANGE SH: wae SHS RAN OE i: 
Notes: . The order of the columns does rot reflect the oun of anes conneccons on the iekette: disk ave tie. 
Shaded areas denote functions unused on that drive. 
3. The diskette drive cable interchanges pin 10 with pin 16 and pin 12 with pin 14 for 
Diskette Drive 1. 
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5.8 SCHEMATICS 


Schematics for the multipurpose controller board are shown in Figure 5-13. Schematics for the multipurpose fixed 
disk drive controller board are shown in Figure 5-14. Compaq Computer Corporation does not guarantee the accuracy 
of the schematics. They are provided to aid in a general understanding of the operation of the controller. 


8 7 6 5 4 3 2 | 
NOTES UNLESS OTHERWISE SPECIFIED. 
1, ALL RAST ORS Am 1/40, DORM ADE BO OPED. 
ALL CAPACETORG AU OOY AD Al © MERE +00 PR, 
R10 00 OT ROT ALL 


TO 6 TPT O08 FOR VCO SRASTUEN, ATTACH OCOPE PROG Oa COUNTER TO TF, 
D PRCOd OBOE TO TP? AMD ADAGT POT (AND) LUNTR GoGetan AT TPO OS EOGRKE P18. 


(0) AmEPERe 41 014 ARE FOR BERLAL PORT SELECTION ALND GHOULD Bd GAneED TOMETIOR 
AsPOLLOMm yg 


t 
roacom1 20 O at 
tra 8 
(woammon 278 8 1 
roa cow 8 
ream mos 0 OL? 7 
0 O10 4 
(©) sum en 43 0 TO KHLLDLE OF DORLBLE Thal PREFER PORT. 
1 8 a 
eums 0 QO 4 
1 28 
peamm QO 0 4 


WLS O8815L28, Tt 60O1SD WAL BOT AESPOED TO ANY LO COLRATIONS AT THE 
PREETER ADOtel be a. 


C7) .cmPen 11 WOTRS Te FLOPPY PROG ITB PRELART TO DECOMDARY BASE ADORESE 


nner 
(wo 698 COD at 


fare) 
Cc (oe) eremAL 8 001 001, Pane 10 THROVON 16, Aad BULPPED BT Tel Dares CAME BOT wEEEe 
@Oryus 1) Am £ AB FOLLOWS: 
1070 180, 19 TO 16, 1870 16, 18 TO 18, 14 70 18, $8 TO 11 dD 18 TO 16. 


(@)7L008T perv es GOULD A ASEPERED FOR GamLTAMROUR MLAD LOAD/BEIYE SELECT OPEAATION 
G8 GRAPCOEE TO BESTE ORLNCT § (2601-12) TUMREMATOMS GO0DLLD 8 MATALLED CORY Bt CASTE 5. 


POR TEST POOR ES, VES {0 PAL) Pepe 18, 91 AMD 22 GAY OF TREGTATED GY ACTTVAT@S BOTH 
WOOP 1-016) Al BOW (P 1-015) AY Toe OAleS Teme. 


ea eo 


B mies <tit aay t! 
Pi-e29 «2 €2-€7,C18,CU), 
c45/+ c2Zd|+ C13,C17,C27,C28 
Pi-aig <-GhD ior is oe  CSP-CS 
F183) SPARES 
ri-81 GND 


GMO PLANE ‘a’ 


Figure 5-13. Multipurpose Controller Board Schematics (Page 1 of 4) 


5-34 80286-Based Products Technical Reference Guide 


304,446 


Pt-82 


304,405 area 
PI-BI4 tes 
Plas Hi wR CL TAI) 


304,444 
304,45 
304,444 


CLR LS22i 
e 


R7 
1% 


GND PLANE'A’ 


CRI 
IN7S3A& 
6.2¥ 


R23 10K I 


3xX7SEL- C2i (C22, 13 ot 
7 2%. 


R3! 
eK % 


P1-B4,B5,68,611,612,8)5-828,823,828,838 —N.C. 
PI-Al, ANP, Al2-A21 —4.C. 


2sn7ao™ 1EPOS POC 


8 7 6 5 4 3 2 1 


Figure 5-13. Multipurpose Controller Board Schematics (Page 2 of 4) 


Sa a a eg a a a ee a er 
Multipurpose Controller Boards 5-35 


ISp2-9 
J582-8 
JISJ2-7 
IS92-6 
J562-4 
JS#2-4 
I582-3 
JSP2-2 


CAE 
222,28°7(0) US@218-25 


c% 


aa 7 J562 (SHELL) 
14 
443 Do, STROBE— J5e244 


as Le BT = 
5 AUTOFOXT=5 e971 


LHIT Ts, 5582-16 
SLCTIN-S jx92-17 


| 
Pad wecTes 
apes hi FOCAST 


| ee aoe 


J5p-d 
DAVSEL2—< yagi ip 


MOTON t — J56i-i 


7 ooSSCS 
[fs | 
<|2  FDCRO- use|) ORVSELI~ 
P3_Focwr- is 


MOTOH2 = S, jsp1-16 


al? : 5 <= | ec J5B1-1e33 OOD 
‘i = = RCO-——>  J561-4 
é = 
il TT afosif ) DAYSELA => Jsei-6 
LA Lig — 
a | Tt Bhp MOSEL supra 
38 pS 


PAL 16R6A WRITE DATA~ 


HD (42) 
fie 


S5Pt-22 


DIR= JMI-n 


STEP J5g 1-26 


(AWC) LOWDEN=. ogi > 


WRIENA- JSal-24 

TRKBS, 51-26 

WRT PROTECT-< yeas 2g 

DISKETTECNG-0 ee 
oo A Ae 
JSbI-36 


NE reel 


= 


206 
266 


‘=-s-— B owes teas 7 6 5 4 3 2 1 


Figure 5-13. Multipurpose Controller Board Schematics (Page 3 of 4) 


5°36 


80286-Based Products Technical Reference Guide 


a 
zs 
x 
n 
a 
a 


EIARTS 5, 5764-7 


EIAOTR 5, 704.4 
EVATXOAT 5 75.5 
GND _s, j7y)-5 


c3s 


1.20% 
Diocese emma: JT7IL(SHELL) 
CHASSIS GO 


BOS 


dar 
si EIS > 71-6 
EIACTS 5 7y).8 
E1408 os, 7331-1 
—— EIAR) 5, 791-9 
EIARXOAT 5, 751.2 
g260 
ee 
22%, 
183A tT = 
t 
a} 
te 
slgigigiaials|s é wel | 13/3 
oa | | ao] @ & els S| alo) o 
PCowvrwnnn 4 wo swe? 
a i=} a 
AR AAA RAA a Ax RARA 
el SE a ee 2 a Sone 
a oa 
Nananaan s g agan 
epserr-a 
7 6 5 4 3 2 


Figure 5-13. Multipurpose Controller Board Schematics (Page 4 of 4) 


Figure 5-14. 


NOTES 


1. PRAALOG GROUND PLANE 15 NOTED BY 
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Chapter 7 


VIDEO DISPLAY CONTROLLER BOARDS 


7.1. INTRODUCTION 


The video display controller board (Figure 7-1) 
provides a way to display information on one of 
several types of CRT displays. The video display 
controller board is functionally identical in both 
the COMPAQ PORTABLE 286° and the COMPAQ DESKPRO 286° 
Personal Computers. 


The video display controller board has the following 
features: 


=" Dual-mode displays 

m Updatable Display without blanking 
=m Socketed character-generator ROM 

™ Color-graphics capabilities 

= Lightpen capability 


m Composite-video capability 


There are three versions of the video display 
controller board. All three versions are 
functionally identical. The Video Display 
Controllers are shown in Figures 7-1, 7-2 and 7-3. 


Custom LSI 


Character Generator 


Video RAM 


Figure /-l. 


Version 1 of the Video Display 
Controller Board 
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Custom LSI Custom LSI! 


Video RAM Video RAM 


Character Generator Character Generator 


Figure 7-2. Version 2 of the Video Display Figure 7-3. Version 3 of the Video Display 
Controller Board Controller Board 
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7.2 FUNCTIONAL DESCRIPTION 


The video display controller board consists of 6 
major functional blocks: 


= The CPU Interface 

=" CRT Controller 

™ Support Logic 

™ Video Memory 

= Character Generator 
® Output Circuitry 


Figure 7-4 shows the functional block diagram of the 
Video Display Controller Board. 


Expansion Bus Interface 


CPU Interface 


Clocks and Control 
CRT / ~ 
s 
acteeilee Buses” (See Note) 


Light Pen ae 
Character 
Generator 
Support 
HS, VS, BLANK Logic 


g Video and Sync 
Output 
Circuitry 


Internal Monitor Connector 
RGBI Connector 
Composite Connector 

RF Mod. Connector 


Note: “Buses” Includes the address, data, control, 
and, decode buses. 
Figure 7-4. Video Display Controller Board 
Functional Block Diagram 
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The following sections briefly describe each 
functional block. 


CPU Interface 


The CPU interface consists of address decoding logic, 
address bus buffers, and data bus transceivers. The 
video display controller board uses the 8-bit bus to 
interface with the CPU. It does not require the full 
16-bit bus expansion slot. 


‘Address lines, together with the bus control signals, 
are used to decode valid I/0 devices. The output 
lines of the decoders select the 6845, video memory, 
and other functions. The decoders also provide 
control of the data bus transceiver. 


The interface circuitry allows shared access of video 
memory between the CPU and the 6845 by multiplexing 
address lines to the video memory. The CPU can 
access the video memory at any time without 
interfering with the display. 


The interface circuitry also provides buffering for 
the reset signal and the 14.318 MHz clock. 


Optional jumpers J7 and J8 select a base I/O port 
address of 3DXh (standard) or a base I/0 port address 
of 3BXh. Optional jumper J9 selects a base memory 
address for the video memory of B8000h (standard) or 
BOOOOh. 


CRT Controller 


The CRT controller (6845) is an LSI device that 
generates the addresses and other signals that 
refresh the video memory. It also supplies the 
synchronization and blanking signals for the output 
circuitry. 


The 6845 device contains 19 internal registers, al] 
of which are I/0-mapped. The system BIOS programs 
the internal registers that control the display 
timing. 


The 6845's lightpen register allows lightpen 

interactions for systems with monitors that are 
optically compatible (dual-mode monitors are not 
compatible due to their medium-persistence phosphor). 


Support Logic 


The support logic consists primarily of a custom LSI 
circuit that provides several video functions, 
including: 


= Converting data bytes from the video memory or the 
character generator into the individual dots on 
the display (shift register or serialization). 


=» Controlling the application of the associated 
video attributes and conditions. The Mode and 
Color registers, and part of the Status register 
are part of this device. 


= Generating the memory timing and other clock 
signals for the 6845. 


The support logic selects the high- or low-scan mode 
according to the character-height parameter written 

to the 6845's internal register 09h. A value of ODh 
in register 09h selects the high-scan mode. 


Video Display Controller Boards 1-5 


Video Memory 


The video memory on the video display controller 
board consists of 16 Kbytes of dynamic RAM beginning 
at address B8000h and extending to BBFFFh (Figure 
7-5). The video memory is dual-ported so that the 
CPU can access it at any time without causing visual 
anomalies on the CRT display. 


One wait state is automatically inserted on all video 
memory cycles by asserting the I/0 READY- line on the 
expansion bus. The wait state is required for 
synchronization purposes. The base address of video 
memory can be changed from B8000 (standard) to B0000 
(optional Jumper J9). 


A0000h 
| 
Jumper 
B4000h 
B8000h Standard 
Configuration 
BFFFFh 


Figure 7-5. Video Memory Address Space 
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Character Generator 


The character generator is an 8 Kbyte x 8 static ROM 
chip. Special character sets may be supported by 
replacing the standard ROM (socketed) with a 250 ns, 
2764-type EPROM. The CPU cannot read the ROM's 
contents--it is accessed only by the 6845, together 
with video RAM. 


The 8 Kbyte x 8 character generator ROM contains 
three character sets of 256 characters each. The 
first set is used for the 9 x 14 dot cell character 
set and takes up 4 Kbytes. From each group of 16 
bytes, 14 are used to form the cell, with bytes +00h 
through +05h for the lower six displayed lines, and 


bytes +08h through +0Fh for the top eight scan lines. 


Scan line 0 is adjacent on the screen to scan line 
13 of the character above. 


The video display controller board generates a 9th 
horizontal dot from an 8-bit-wide ROM for 9 x 14 dot 
cells. It replicates bit 0 (the 8th dot) for 
graphics characters CO0h through DFh. It places a 
blank dot in the 93th position for other characters. 
This scheme allows continuous horizontal lines and 
solid figures needed by certain graphics symbols. 


The layout of the 9 x 14 dot cell is as follows: 


BIT 

765 43 21 +0 Offset Scan line 
PT Et tT tt tf tosh 0 
eT TTT | tf | +09 
Pett tt ft yy | sah 2 
Pty tT tT fT tt | toh 3 
Pt tT tT tT Ty | toch 4 
PTT Tt [ff | +00n 5 
el ee 6 
Pt yt tt | yt fF +0 7 
Pt yt tT ft ff 00h 8 
Bot liealle seal leslie ed One g 
TT] Ty ft ft | to2h 0 
PT yt Ty yt | t0ah st 
Ty tT tT yt | | tothe 
eT Tt Tt |} tosh 

are Aaa a a ea ae ee +06h (Reserved) 
ea te We ele alice +07h (Reserved) 


The second and third sets are interleaved and occupy 
the remaining 4 Kbytes. They provide standard and 
alternate 8 x 8 dot versions (selectable by Jumper 
J1) of an 8 x 8 dot cell character font used by both 
40- and 80-column low-scan text modes. Scan line 0 
is adjacent on the screen to scan line 7 of the 
character above. 


rr TT LKR 
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Example: Question mark (ASCII 3Fh) in the 9 x 14 dot 
NOTE: A separate character font contained in the cell. 
system ROM duplicates the first 128 standard 
8 x 8 dot cells and is used by ROM BIOS 
routines to display text in one of the 


graphics display modes. or eN a ring 
The second and third character sets in the character 00h See Rae O3FSh l 
generator ROM have 8 x 8 dot cells and are 3Eh BRLLILLLn O3FAh 2 
interleaved every eight bytes. That is, the standard 63h LILI GLIL! O3FBh 3 
set begins at offset 1000h, and the alternate set 63h O3FCh 4 
begins at 1008h. The layouts are as follows: 06h a a O3FDh 5 
och | | [ [| [@}M] | | o3reh 6 
Standard Alternate 
Set Set ish | | [| [mM] | | | o3reh / 
BIT isn ( [| [| [MIM] | | | o3ron 88 
oh | | [| [ [ [| | |_| o3rth 9 
Offset ish | | ] [mM | [| o3sr2zh 10 
+08h ish | | | [m@{M@l | | | o3rah ou 
+09h oh | | | | |} | |] 03r4h 12 
+0Ah oh | | [| | [| { | | | o3rsh 13 
+0Bh 00h re a a a ee 03F6h (Reserved) 
+0Ch 00h PT 7 of f ft ff O3F7h (Reserved) 
+00h 
+0Eh NOTE: The bytes at addresses 03FBh and 03FCh 
+0Fh have the least-significant bit = 1, but this 


bit is not right-extended into the 9th column 
because '?' lies outside of the special range 
COh through DFh. 
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Example: Question mark (ASCII 3Fh) in the standard Output Circuitry 
8 x 8 dot cell. 


The output circuitry contains the logic and buffers 
required to interface the video display controller 
board with a video display. The output circuitry can 


Value 7 6 5 4 3 2 1 O Address peemcnine directly drive a composite video monitor, an internal 

7h | (S| eee | 0 monitor (COMPAQ PORTABLE 286 only), an RGBI TTL input 

CCh LILI ELILI | monitor, or a television, using an external RF 

OCh Pt ft | tm iz C modulator (not supplied). 

18h 3 

30h | bt -- 4 The RGBI, composite, and RF modulator outputs are 
normally only active in the low-scan mode. The 

ae ate ~ internal monitor interface is always enabled. When 
COMPAQ Dual-Mode Monitors are used with the COMPAQ 

00h (aoe ee a ] DESKPRO 286, Jumpers J3 and J5 are set to enable all 


video outputs for both modes. 


Example: Question mark (ASCII 3Fh) in the alternate 
8 x 8 dot cell. 


Value 1 O Address Scan Line 
3Ch 
42h 
02h 
04h 
08h 
00h 
08h 


0 
1 
2 
3 
4 
5 
6 
00h / 


7.3 PROGRAMMING THE VIDEO 
DISPLAY CONTROLLER BOARD 


The video display controller board is an I/0-mapped 
and memory-mapped (video memory) board. Table 7-1 
lists the I/O addresses. 


Table 7-1. Video Display Controller Board 
1/0 Addresses 
Read 


1/0 or Register 
Addr. Write Description 


3D4h W 6845 Index 
3D5h R/W 6845 Data 

3D8h W Mode 

309h W Color 

3DAh R Status 

3DBh W Reset Lightpen 
3DCh W Set Lightpen 
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6845 INDEX AND DATA REGISTERS (3D4h AND 3D5h) 


The 6845 CRT controller is addressed as two port 
addresses. One port (3D4h) accesses the Index 
register. The other port (3D5h) accesses the Data 
register. 


The CRT controller has 19 internal registers. The 
Index register counts as one of these, although it 
serves as a pointer to the other registers. 


To write to or read from, a 6845 register: 


1. Load the 6845's register number into the Index 
register (3D4h). 


2. Write or read the byte to/from the Data register 
(3D5h). 


The registers pointed to with Index register values 
of 00h to OBh directly control the timing of the CRT 


controller and the associated waveform profiles which 
drive the display monitors. Before changing any of 
the default parameters in these registers, be sure 
that the environment is understood (i.e., which 
monitors are connected to the video display 
controller and the timing that each display requires) 
for proper operation. 


The initial register values are listed in Table 7-2. 
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Table 7-2. Initial Values for 6845 Internal Registers 


Read Recommended Values (Default) 
Index Register or 40x25 80x25 80x25 Graphics 
Reg. Description Write Low-Scan High-Scan Low-Scan Low-Scan 
00h Horizontal Total (characters) W 38h 71h 71h 38h 
Olh Horizontal Displayed (characters) W 28h 50h 50h 28h 
02h Horizontal Sync Position (characters) W 2Dh 5Ah 5Ah 20h 
03h Horizontal Sync Width (characters) W OAh OAh OAh OAh 
04h Vertical Total (rows) \W 1Fh 19h 1Fh 7Fh 
05h Vertical Total Adjust (lines) W 06h 06h 06h 06h 
06h Vertical Displayed (rows) W 19h 19h 19h 64h 
O7h Vertical Sync Position (rows) W 1Ch 19h 1Ch 70h 
O8h Interlace Mode & Skew W 02h 02h 02h 02h 
09h Character Height (lines) W 07h ODh O7h Olh 
OAh Cursor Start (line) W O6h OBh 06h 06h 
OBh Cursor End (line) W 07h OCh 07h O7h 
OCh Display Start Address (high) R/W 00h 00h 00h 00h 
ODh Display Start Address (low) R/W 00h 00h 00h 00h 
OEh Cursor Address (high) R/W 00h 00h 00h 00h 
OFh Cursor Address (low) R/W 00h 00h 00h 00h 
10h Lightpen Address (high) R XXh XXh XXh XXh 
lih Lightpen Address (low) R XXh XXh XXh XXh 


Note: Recommended values apply to COMPAQ Monitors. 
chrs = characters (i.e., character count) 
lines = horizontal scan lines elements which make up a character row 
row = vertical character units (i.e., row = 8 or 14 lines) 
X = undefined 


MODE REGISTER (3D8h, WRITE-ONLY) 


This register selects the current video-display mode 
in conjunction with other 6845 registers. 


BIT 
76543210 
L_ 9 = 40 x 25 Text 
1 = 80 x 25 Text 
0 = Text Mode 
1 = Graphics Mode 
0 = Enable Color Burst 
1 = Disable Color Burst 
(black & white) 
0 = Disable Video (blank screen) 
1 = Enable Video 
0 = 320 x 200 Graphics 
1 = 640 x 200 Graphics 


Attribute bit 7 
O = Intensity 
1 = Blink 


0 (Reserved) 


Attributes 
0 = Color (standard) 
1 = Alternate 
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Bit 0. If bit 0 = 0, text is displayed ina 
40-column mode. In the 40-column modes, the clock 
for the video and timing logic is divided by two. 


If bit 0 = 1, text is displayed in an 80-column mode. 


Bit 1. If bit 1 = 0 , the text mode is selected. 


If bit 1 = 1, the bit-mapped graphics mode is 
selected. 


Bit 2. If bit 2 = 0, color encoding on the composite 
video output is enabled. This bit only affects the 
composite video outputs; the other video outputs are 
unaffected. 


If bit 2 = 1, the reference color burst signal for 
the composite video output is disabled (black and 
white display). 


Bit 3. If bit 3 = 0, the entire display is blanked, 
but the sync signals are still active. 


If bit 3 = 1, the screen is displayed normally. 
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Bit 4. If bit 4 = 0, the display format is 320 x 200 
in the graphics modes. 


If bit 4 = 1, the display format is 640 x 200 in the 
graphics modes (Mode register bit 1 = 1). 


The 640 x 200 mode is a 1 bit-per-pixel format, while 
the 320 x 200 mode is 2 bits per pixel. 


Bit 5. This bit has meaning in the text modes only. 


If bit 5 = 0, then bit 7 of the text-attribute byte 
controls the background intensity function. 


If bit 5 = 1, then bit 7 of the text-attribute byte 
controls the blinking function. 


Bit 6. Reserved (always 0). 
Bit_7. This bit has meaning in the text modes only. 


If bit 7 = 0 (standard), the text is displayed with 
the color attributes (color foreground and 
background). See the section on video display modes. 


If bit 7 = 1, the text is displayed with the 
alternate attributes that defines a white or black 
foreground or background and text underlining 
capability. This mode is only available when in the 
high-scan mode. The low-scan mode uses the color 
attributes regardless of the state of this bit. 


COLOR REGISTER (3D9h, WRITE-ONLY) 


The Color register specifies: 


m A mode-dependent color for the background, 
foreground, or border 


= Supplemental video intensity 


= Standard or alternate color set for the 320 x 200 
graphics mode 


The color displayed on the screen is a result of the 
Color register values and the colors specified in 
video memory for each display location. 


In the two graphics modes, either 1 or 4 colors may 
be displayed at once. In the text modes, 

16 foreground and 8 background colors can be 
displayed simultaneously. 


BIT 
76543210 
Litt sot bits (=1) enable red, green, 
blue, or intensity 


IRGB_ Displayed Color 
0000 _ Black 

0001 Blue 

0010 °° #£42Green 

0011 °£4Cyan 

0100 _ £4¥€Red 

0101 #£Magenta 
0110  #£2Brown 

01141 = °£4/White 

1000 = #£4Gray 

1001 °#£zLight Blue 
1010 °#£zLight Green 
1011 Light Cyan 
1100 Light Red 
1101  °&2Light Magenta 
1110 = Yellow 
1111 °#Intense White 


1 = Supplemental intensity enabled 


Color Set 

0 = Standard (green, red, brown) 

1 = Alternate (cyan, magenta, 
white) 


00 (Reserved) 
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Bits 3..0. These four bits select a mode-dependent 
color. 


In the 640 x 200 graphics mode, they select the color 
of an active pixel. 


In the 320 x 200 graphics mode, they select the color 
of an inactive pixel, or background. 


In the 40 x 25 text mode, they select the color of 
the overscanned border. 


Bit 4. If bit 4 = 0, unintensified colors are 
selected for both the 320 x 200 graphics mode and the 
background colors in the text modes. 


If bit 4 = 1, intensified colors are selected for 
both the 320 x 200 graphics mode, and background 
colors in the text modes. 


Bit 5. Selects the color set used in the 320 x 200 
graphics mode. 


If bit 5 = 0, the standard color set is selected. 
The standard set consists of green, red, and brown. 


If bit 5 = 1, the alternate color set is selected. 
The alternate set consists of cyan, magenta, and 
white. 


Bits 7..6. Bits 7 and 6 are always 0 (reserved). 
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STATUS REGISTER (3DAh, READ-ONLY) 


The Status register contains real-time event status 
information. 


BIT 
76543210 


LL. Active Display 
Retrace Interval 
Lightpen Latch not triggered 
Lightpen Latch triggered 
Lightpen Switch State 
1 = Vertical Retrace in progress 
0000 = (Reserved) 


Bit 0. If bit 0 = 0, the video raster is on the 
active (displayed) area of the screen 


— © 
nou 


em © 


If bit 0 = 1, the video raster is in a horizontal or 
vertical retrace period 


Bit_1. This bit reflects the state of the lightpen 
latch. 

If bit 1 = 1, the lightpen has triggered--the 6845 
lightpen address registers may contain a valid 
address. The state of the lightpen latch can be 
cleared by writing to port 3DBh and set by writing to 
30Ch. 


Bit 2. This bit reflects the state of the lightpen 
switch signal of the lightpen interface connector. 
This signal is not latched or debounced. 


Bit 3. This bit reflects the state of the vertical 
sync signal. 


If bit 3 = 1, the vertical retrace signal is active. 


CLEAR OR SET LIGHTPEN LATCH 
(3DBh AND 3DCh, WRITE-ONLY) 


By writing any value to port 3DBh, the lightpen latch 
bit of the Status register will be reset to 0. 


By writing any value to port 3DCh, the lightpen latch 
bit of the Status register will be set to 1. 


Bit 1 of the Status register (3DAh) defines the 
lightpen latch status. 


7.4 VIDEO DISPLAY MODES 


The video display controller board displays either 
graphics or text. 


Text displays are character-oriented. The dot 
patterns for the display is stored in a character- 
generator ROM. Text on COMPAQ Monitors is normally 
displayed in the high-scan mode (see COMPAQ Dual-Mode 
Monitors). 


Graphics displays are pixel-oriented. The color of 
each pixel is specified in video memory. A pixel is 
the smallest controllable display element--a single 
dot on the screen. Graphics on COMPAQ Monitors are 
displayed in the low-scan mode. 


Figure 7-6 compares the pixel patterns for the 9 x 14 
and 8 x 8-pixel text characters. 
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a Soli<a<2 
|) -sunn--- 
| a) 
-ig---n- Sn--a8-- 
-H BEEBE - BERBERS — 
-Su---BE- aa--ER-- 
_-au---me- me==-—m== (Cursor line 
_ae---un- SsenSes= “Cursor line 


presccssx=s Cursor ] ine 
soetStrs==t Cursor ] ine 


9 x 14 Character Format 8 x 8 Character Format 


Figure 7-6. Comparison of Text Character Formats 


Text Displays 


For text displays, the video display controller board 
uses two bytes of video memory to define each 
character: the character byte and the attribute byte. 


The character byte (even address) is sent to the 
character generator. The character generator provides 
the patterns for that character code. 


The attribute byte (odd address) specifies the 
foreground and background color to use for the 
character and whether the character should be 

intensified or blinking (See the Mode register) 
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Table 7-3 lists the character codes and the resulting Figure 7-7 shows the text attribute byte values (with 
characters defined in the character generator. The mode register bit 7 = 0). 

table displays the characters in a hexadecimal BIT 

format. For example, 20h is the value for the space 76543210 

character. Set bits (=1) enable red, green, 


Table 7-3. Character Codes blue, or intensity 


I RGB Displayed Color 
0000 Black 
HI1423SB456789UABCDEF 0001 °#£Blue 

= 0010 #£zGreen 

1 F4tUTswftTlwxe rv aT 0100 Red 
uv : , = 0101 #£xMagenta 
2 H #O5“a&’ (+, a A 011-0 Brown 
3 812345678689 :;5<=5>7 0111 White 
4 @ABCDEFGHIJKLMNNO Se ae 
rs 1001 Light Blue 
5 PORSTUVUWAYZE NI = 1010 Light Green 
6 ahcdefgqghi jkIimno a Tees 
me ig e 
¢ rstuvuxyzitis - 1101 °° #4Light Magenta 
8 &4¥aaGABaTI1IBA 1110 Yellow 
A G07iNT 2 Er ukyi «» Set bits (=1) enable red, green, 
B a 4 4] Ii J blue, or intensity (or blink--see 
C ee ldddaad la L fod Mode Register Bit 5 for 
T | — + i lk i f=" background color. 

D netryaHt rial |= (Use table above for color values.) 
E Puzo prseaerdsoPeE Figure 7-7. Attribute Byte for Color Text 
F 2<f Jin? ..yuzy 


Figure 7-8 shows the alternate text-attribute byte 
values (with Mode register bit 7 = 1) 


BIT 
76543210 
LI! 999 = Black foreground 
001 = Underline this character (See Note) 
111 = White foreground 


1 = High intensity selected 


000 = Black background 
111 = White background 
1 = Blink 


Figure 7-8. Alternate Attribute Byte (80 x 25, High- 
Scan Text Only) 


NOTE: Hardware draws the underline by turning on 
all 9 pixels of scan line 13 (lowest) of the 
character cell. 


Graphics Displays 


For pixel-oriented displays, the video display 
controller board uses video memory as the source of 
the patterns to display. 


In the 640 x 200-pixel graphics mode, a single byte 
of video memory defines the state of eight pixels. 
Bit 7 is the left-most pixel on the display. The 
color used for active pixels is specified in the 
color register. 
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BIT 
76543210 
l's indicate active pixels 
In the 320 x 200-pixel graphics mode, a single byte 
defines the state of four pixels (two bits per 
pixel). The two bits that define a pixel specify one 
of three colors from the standard or alternate color 


set or the background color. Bits 7 and 6 control 
the left-most pixel. 


BIT 
76543210 
Ll Color for pixel 
00 = Background color (Color 
register value) 


01 = Green or cyan (alternate set) 
10 = Red or magenta (alternate set) 
11 = Brown or white (alternate set) 


Color for pixel (use above values) 
Color for pixel (use above values) 


Color for pixel (use above values) 


For the graphics modes, the video memory is divided 
into separate blocks for the even and odd scan lines. 
Figure 7-9 shows the format of video memory for the 
graphic modes. 


7-18 80286-Based Products Technical Reference Guide 


7.5 MONITORS SUPPORTED 


The video display controller board supports four 
types of monitors: 


= COMPAQ Dual-Mode Monitors. 


Seem en Lines m Red-Green-Blue (RGB) color monitors that connect 


to the standard DB-9 (9-pin) connector, including 
the COMPAQ Color Monitor in 200-line Mode. 


B8000h 


BOFSFh 
B9FAO 
96 Spare Bytes = Monochrome or color monitors that require 
BOFFFh (abeonnana composite-video signals may use an RCA-type 
BAOOOh | Odd Scan Lines connector or a recessed Berg connector. 
seeue. COMPAQ Dual-Mode Monitors 
BCEEFh The standard COMPAQ moni tor is dual -mode . Dual-mode 
means that there are two different display modes, 
with different scanning frequencies for each mode. 
Riot Se arse The high-scan mode has a horizontal scan frequency of 
1 B8000h  B804Fh 18.5 kHz and a vertical scan frequency of 50 Hz, non- 
2 BAOOOh BAO4Fh interlaced. High scan supports the text modes, using 
3 B8050h B809Fh a 9 x 14-pixel character block. This mode has 350 
. BAOSCh BAOSFh active vertical lines for 25 rows of 14-pixel high 
characters, and 720 horizontal pixels for 80 columns 
197. B9FOOh BOF4Fh of 9-pixel wide characters. 
198  BBFOOh BBF4Fh 
199 BOF5Oh BOF9Fh When the high-scan mode is selected, the monitor mode 
200 BBF50h BBFOFh line switches to select the 9 x 14 character set in 


the character generator. 


Figure 7-9. Format of Video Memory for the Graphic 
Modes 


The low-scan mode has a horizontal frequency of 

15.7 kHz, and a vertical frequency of 60 Hz, non- 
interlaced. This mode is compatible with most 
television and RGB displays that use 200 active scan 
lines. The low-scan mode uses an 8 x 8 character 
block for text, and is the only mode used for 
graphics. 


To select the high-scan mode, program the 6845 
according to the “80 x 25 High Scan" column in 
Table 7-6. 


Characters are displayed in the 80 x 25-character 
format, with a 9 x 14-dot matrix on COMPAQ Dual-Mode 
Monitors, or an 8 x 8-dot matrix using other 
monitors. 


COMPAQ Dual-Mode Monitors can accept two scan (sync) 
frequencies from the video display controller board. 
One scan mode displays high-quality text (9 x 14- 


pixel characters). The other mode displays graphics. 
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The high- and low-scan modes can also be easily 
accessed using either of the following methods: 


m Keyboard selection (using COMPAQ MS-DOS and XENIX) 
Simultaneously pressing the multiple key 
combination of CTRL, ALT, and < (LESS THAN) keys 
will switch into low-scan mode. Simultaneously 
pressing the multiple key combination of CTRL, 
ALT, and > (GREATER THAN) keys will switch into 
high-scan mode. 


™ COMPAQ MS-DOS, Version 3 MODE Command. Refer to 
MS-DOS Version 3 Reference Guide for more 
information on the MODE command. 


RGBI Monitors 


RGBI monitors receive their video signals in the form 
of separate lines for the red, green, and blue 
colors, intensity, horizontal sync, and vertical 
sync. These are all TTL-level signals. With four 
signals (red, green, blue, and intensity) to specify 
color, 16 colors or shades of gray are available. 
Monitors that do not support the intensity signal are 
limited to eight colors. 
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The COMPAQ Color Monitor is compatible with this 
video display controller board. However, it is 
restricted to only the 200-scan line, 16 color 
operation. 


Composite Video Monitors 


Composite video monitors, or other video equipment 
with composite video inputs, connect to the RCA-type 
jack provided on the mounting bracket. If a 
monochrome display is used, disable the color burst 
signal to reduce interference. 


An external RF modulator can be connected to either 
the RCA-type connector or the recessed Berg 
connector for use with television receivers. The 
Berg connector provides the same video signal as the 
RCA-type connector plus a +12 volt power connection. 
Due to television bandwidth limitations, 80-column 
television displays are not recommended. 
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Figure 7-10 shows the timing characteristics for the horizontal sync signals. 


VID High Scan Low Scan 


Symbol Parameter Hi Res Graphics 
HP Horizontal Period 54.1 ps 63.7 ps 
FP Front Porch 5.7 ps 6.7 ps 
SW Sync Width 3.8 ps 4.5 ps 
de BP Back Porch 6.6 ps 7.8 ps 


SW 
BP 


Figure 7-10. Horizontal Timing 


Figure 7-11 shows the timing characteristics for the vertical sync signals. 


High Scan ~-Low Scan 


me Symbol Parameter Hi Res Graphics 
VP Vertical Period 20.00 ms 16.68 ms 
FP Front Porch 0.00 ms 1.53 ms 
SW Syne Width 0.16 ms 0.19 ms 
BP Back Porch 0.92 ms 2.23 ms 
VS 


Figure 7-11. Vertical Timing 


a 
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Figure 7-12 shows the characteristics for the video connectors. 
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J401 18) 


J402, 
J4035 


\ Black Reference Level 
Sync Level 
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1. Burst is only present in the 40 x 25 text mode or the 320 x 200 graphics mode. 


Notes: 
2. This is a block—frame format without equalization pulses. 


Figure 7-12. Video Display Controller Board Output Signal Waveforms 


7.6 JUMPERS 


Jumpers Jl through J9 are identical on all three 
video display controller boards. Two additional 
Jumpers, J10 and J1l have been added to the Version 3 
video display controller board to enable the 
additional 16 Kbytes of RAM provided by the dynamic 
RAM devices on the controller 


Jumpers Jl through J9 change the configuration of the 
video display controller board. Only J3 and J5 have 
pins and shorting blocks installed. The remaining 
jumpers are etched on the controller board. 


Table 7-4 lists the jumpers for all three video 
display controller boards. The jumper arrangement is 
shown in Figures 7-13 through 7-15. 


CAUTION 
Modifying etched jumpers 
invalidates the COMPAQ 
warranty of the board. 
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Table 7-4. Jumpers on the Video Display Controller 
Board 
Jl - 8 x 8 Character Set Jumper 


The character generator ROM contains two complete 
sets of 8 x 8 dot lookup tables. The standard table 
is suitable for al] types of monitors. The alternate 
table provides sharper character sets for 40-column 
displays on televisions. This jumper is etched on 
the board. 


Jl Configuration 


2-3 Standard 8 x 8 cell 
1-2 Alternate 8 x 8 cell 


(Continued) 
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Table 7-4. (Continued) 
J2 - Vertical Sync Polarity 
The vertical sync signals can have positive 


(standard) or negative polarity. This jumper is 
etched on the board. 


J2 Configuration 
1-2 Positive vertical sync (standard) 
2-3 Negative vertical sync 


J4 - Horizontal Sync Polarity 


The horizontal sync signals can have positive 
(standard) or negative polarity. This jumper is 
etched on the board. 


J4 Configuration 


2-3 Positive horizontal sync (standard) 
1-2 Negative horizontal sync 


J3, J5 - External High-Scan Video 


These jumpers control all but the internal monitor. 
Video outputs will be active in high-scan. They are 
changed as a set (both to 2-3 or both to 1-2). 


J3 J5 Configuration 

2-3 2-3 Enable high-scan video on 
external outputs (standard 
setting for COMPAQ DESKPRO 
Computers) 

1-2 1-2 Disable high-scan video on 
external outputs (standard 
setting for COMPAQ PORTABLE 
Computers) 


(Continued) 


Table 7-4. (Continued) 
J6 - Enable Mode Signal 


This 2-pin jumper connects the MODE signal to pin 7 
of the 9-pin connector. The MODE signal is low for 
high-scan (18.5 kHz) and high for low-scan 

(15.7 kHz). Cutting this jumper’s etch makes pin 7 
not connect. 


J6 Configuration 
1=2 Connect MODE signal to pin 7 
n.c. Disconnect MODE signal from pin 7 


J7, J8, J9 - Standard/Alternate Video Display 
Controller Board Addresses 


These jumpers change the video memory base address 
from B8000h to BOO00h. They also change the Video 
Display Controller Board's I/0 address from 3DXh to 
3BXh (X = value from 0 to F(h)). These jumpers are 
etched on the board. 


Boards with standard or alternate base addresses are 
functionally identical. 


J7 J8 J9 Configuration 
1-2 1-2 1-2 Standard 
2-3 2-3 2-3 Alternate 
(Continued) 
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Table 7-4. (Continued) 


J10, Jll - Extended Memory (Version 3 Video Display 
Controller Board only) 


These jumpers enable additional video memory. 
Standard video buffer size is 16K bytes of Dynamic 
RAM beginning at address B8000h and extending to 
address BBFFFh. Extended video buffer size is 32K 


bytes beginning at address B8000h and extending to ja: Extentel Bien Seanc video 
BFFFFh. 
J7, Standard/Alternate Addressing 
J2, Vertical 
Jumpers J10 and J11l are etched on the board to 16K Siri -Polority 


bytes (standard buffer size), and are changed as a 


set (both to 2-3 or both to 1-2). JI, 8 x 8 


Character Set 
J10 Jll Configuration 


2-3 2-3 Standard video memory (16K bytes) 
1-2 1-2 Extended video memory (32K bytes) 


J3, 
External High— 
Scan Video 


J4, Horizonta! 
Sync Polarity 


J8, Standard/Alternate Addressing 
J9, Standord/Alternate Addressing 


J6, Scan Mode Signal 


Figure 7-13. Version 1 Video Display Controller 
Board Jumper Arrangement 
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J1, 8x8 Character Set J6, Enable Mode Signal 
J2, VSYNC J3, External High—Scan Video 
Polarity 


J4, Horizontal 


; sync Polarit 
J4, Horizontal d 


Syne Polarity J1, 8x8 


Character Set 


J5, External 
Scan Video J10, Extended Memory 


J3, High- | UUUUUPUUUUUUU UT 
Scan Video Ji1, Extended Memory 

J6, Enable J9, Standard/Alternate 

rare Signal VOU Addresses 


J7,J8 Standard /Alternate J2, VSYNC Polarity 


Video Addresses J7,J8 Standard/Alternate 


VDU Addresses 
J9, Standard /Alternate 


Video Addresses J5, External High-Scan Video 


Figure 7-14. Version 2 Video Display Controller Figure 7-15. Version 3 Video Display Controller 
Board Jumper Arrangement Board Jumper Arrangement 
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7.4 CONNECTORS 


Table 7-5 through 7-9 show the video display 
controller board connector signals. 


Figure 7-16 shows the location of the connectors on a 
Version 1 video display controller board. The 


connectors are located in the same positions on al] J402, RF Modulator Connector 
three versions of the video display controller board. J405, Light Pen Connector 
J401, 
Figure 7-17 through 7-19 show the video display oe 
OnITOr 
controller board connectors. Connector 


J404, RGB! Connector 
J403, Composite Video Connector 


Figure 7-16. Connectors on the Video Display 
Controller Board 
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Table 7-5. J401, Internal Monitor Connector Signals 
Signal Pin 1/0 Description 


Chassis 11,12 - Cable Shield 
Ground 

HS y O Horizontal sync is an active- 
high TTL signal in both level 
and drive characteristics. The 
pulse duration is always fixed 
at 8 characters regardless of 
the duration programmed in the 
6845. Refer to Section 8.5 for 
the timing characteristics. 


This TTL signal controls the 


monitor mode. During a 
mode change, both horizontal 


and vertical sync are 
suppressed for up to 16 
vertical frames. The MODE 
signal is high (= 1) for the 
low-scan mode, and low (= 0) 
for the high-scan mode. 

This is the ground reference 
for the TTL signals. 

This analog video output signal 
ranges from 1.0 Vde (black) to 
2.5 Vde (white) into 470 to 
6800 ohms (impedance). Its 
ground reference is the video 


ground signal (pin 6). 


MODE 3 0 


Signal Chao -= 


Ground 
VID 5 0 


Video 6 - This is the ground reference 
Ground for the VID signal (pin 5). 


(Continued) 


Table 7-5. 


Signal Pin. I/0 Description 


VS= 1 


MODE 
VID 
HS 
Key 


Chassis Ground 


Figure /-1/. 


(Continued) 


0 


-onNuWw- 


J401, 


Vertical sync is an active- 
low TTL signal in both level 
and drive characteristics. 
The pulse duration is always 
fixed to three scan lines 
regardless of the duration 
that is programmed in the 
6845's internal registers. 
Refer to the section 8.5 
for the timing characteris- 
tics for the vertical sync 
signals. 


Pin Signal 

2 Signal Ground 
4 = Signal Ground 
Video Ground 
8 Signal Ground 
10 Key 

Chassis Ground 


o Oo O Q 


o6UOlUDlhlUO 
on 


Internal Monitor Connector 


Table 7-6. J402, RF Modulator Connector Signals 


Signal Pin I/0 Description 
+12 Vdc 1 0 Power 
COMPOSITE 3 0 This analog signal is the 
VIDEO composite video output 
Signal 4 = Reference for composite 
Ground video 

1 +12 Vde 

2 Key 

% Composite Video Output 

“ Signal Ground 


Figure 7-18. J402, RF Modulator Connector 


Table 7-7. J403, Composite Video Connector Signals 


Signal Pin 1/0 Description 

Chassis 2 . Reference for composite 

Ground video 

COMPOSITE 1 0 This analog signal is the 

VIDEO composite video output 
Pin Signal 


7 2 Chassis Ground 


1 Composite Video Output 
(Same as J402 Pin 3) 


Figure 7-19. J403, Composite Video Connector 


Table 7-8. 
Signal Pin 
B 5 
G 4 
HS 8 
I 6 
MODE / 
R 3 
Signal 1,2 
Ground 

VS 9 
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J404, RGBI Video Connector Signals 
1/0 Description 


0 
0 
0 


Blue. Active-high TTL signal. 
Green. Active-high TTL signal. 
Horizontal sync jis an active-high 
TTL signal in both level and drive 
characteristics. The pulse 
duration is fixed at eight 
characters regardless of the 
duration programmed in the 6845. 
Refer to the “Monitors Supported’ 
section for the timing 
characteristics. 

Intensity. Active-high TTL signal. 
This signal controls the 

monitor high- or low-scan mode. 
During a mode change, both 
horizontal and vertical sync are 
suppressed for up to 16 vertical 
frames. The MODE signal is 

high for the low-scan mode and low 
for the high-scan mode. 


Red. Active-high TTL signal. 
TTL signal reference. 


Vertical sync is an active-high TTL 
signal in both level and drive 
characteristics. The pulse 
duration is fixed to 3 scan lines 
regardless of the pulse duration 
programmed in the 6845. Refer to 
the "Monitors Supported’ section 
for the timing characteristics. 
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Figure 7-20. J404, RGBI Connector 


Table 7-9. J405, Lightpen Connector Signals 
Signal Pin I/0 Description 


LIGHTPEN 3 I Active-low signal indicates 


SWITCH- lightpen switch contact closed 
LIGHTPEN ] I Active-low signal indicates 
TRIGGER- lightpen triggered 

Signal 4 - Reference for TTL signals 
Ground 


LIGHT PEN SWITCH— 
KEY 

LIGHT PEN TRIGGER— 
SIGNAL GROUND 

+5 Vdc 

+12 Vde 


Aon pp WAI — 


Figure 7-21. J405, Lightpen Connector 
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7.8 SCHEMATICS 


Figure 7-22 shows the schematics for the Video Display Controller Board Version 1. COMPAQ Computer Corporation 
does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding of the 
system operation. 
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+12 9 Vir as) ee 
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Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 1 of 5) 
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Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 2 of 5) 
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Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 3 of 5) 
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Figure 7-23 shows the schematics for the Video Display Controller Board Version 2. COMPAQ Computer Corporation 
does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding of the 


system operation. 
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Figure 7-24 shows the schematics for the Video Display Controller Board Version 3. COMPAQ Computer Corporation 
does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding of the 
system operation. 
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Chapter 8 
KEYBOARDS 


8.1 INTRODUCTION 


The keyboard is the primary means by which the user 
communicates with the system. Two keyboards operate 
with the COMPAQ DESKPRO 286° : the 84-key keyboard 
and the COMPAQ Enhanced Keyboard. The COMPAQ® 
PORTABLE 286° uses only the 84-key keyboard. The 
COMPAQ Enhanced Keyboard is a 101-key keyboard (102 
keys international) that offers additional features, 
such as a separate cursor control key cluster, 
additional function keys (Fll and F12), and enhanced 
programmability for make/break and repeating key 
functions. 


Each of the two keyboards that operate with the 
COMPAQ DESKPRO 286 contains a microprocessor that 
scans the keyboard for pressed keys. The 
microprocessor also monitors its communication line 
with the system. The communication line carries 
keyboard control commands from the system and 
keyboard scan and acknowledgment codes to the system. 
Keyboard scan codes are generated by the keyboard 
when a key is pressed or released. Typically, a Make 
code is generated when a key is pressed. A Break 
code is generated when the key is released. 


Within this chapter, the term "system’ refers to the 
keyboard controller (8042) on the system board. 


Figure 8-1 is a functional block diagram of the 
keyboard, which is the same for both keyboards. 
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Figure 8-1. Keyboard Functional Block Diagram 
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8.2 KEYBOARD FEATURES 


Both the 84-key and COMPAQ Enhanced keyboards contain 
a first-in, first-out (FIFO) buffer and a repeating 
key function. The 84-key keyboard can store as many 
as sixteen hex codes in its FIFO buffer. The COMPAQ 
Enhanced Keyboard is capable of storing sixteen 11l- 
bit or twenty 9-bit hex codes in its FIFO buffer. 
Keycodes are placed in the FIFO buffer when keys are 
pressed or released, if the system is not ready to 
accept the keycode from the keyboard. When the 
system is ready to accept the keycode, the keyboard 
sends the keycodes stored in the FIFO buffer to the 
system in the order in which the keys were pressed. 


When two keys are pressed simultaneously, the 
keyboard processes the first keycode detected and 
stores the second in the FIFO buffer. If any key is 
pressed while the FIFO buffer is full, the 
corresponding keycode is not generated and an overrun 
code (00h) is stored in the buffer. A location in 
the FIFO buffer is reserved for overrun conditions. 


Another important feature of the keyboards is the 
repeating key function. This feature allows the 
keyboards to repeatedly generate and send the Make 
code to the system as long as the key is held down. 
The rate at which Make codes are generated can be 
programmed on both keyboards. The 84-key keyboard 
has a fixed set of keys (except for a few special 
function keys) that are capable of the repeat 
operation. The COMPAQ Enhanced Keyboard allows the 
user to designate a particular set of keys to perform 
the repeat operations. The set of keys that can 
perform the repeat operation is programmable by the 
system via commands. 


Figure 8-2 shows the 84-key keyboard. Figure 8-3 
shows the COMPAQ Enhanced Keyboard. 


8-3 


Keyboards 


84-Key Keyboard (U.S. English) 


Figure 8-2. 
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Figure 8-3. COMPAQ Enhanced Keyboard (U.S. English) 


8.3 KEYBOARD COMMUNICATIONS 
INTERFACE 


Both keyboards use a bidirectional, asynchronous 
interface for communications with the system. The 
keyboard cable is a 4-conductor, shielded cable. 


The keyboard data (KBDDATA) and keyboard clock 
(KBDCLK) signals use TTL-compatible voltage levels, 
with open-collector drivers. 


Communication between the system and the keyboards is 
implemented with a protocol method, shown in 
Figure 8-4. 


Command Codes 


Response Codes 
System Keyboard 
Make Codes 
Break Codes 


Figure 8-4. Keyboard Communication Protocol 
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Table 8-1. Keyboard Specifications for al] 


Keyboards 
COMPAQ PORTABLE 286 COMPAQ DESKPRO 286 
Voltage + 12 VDC + 5 VOC 
Tolerance + 15% + 10% 
Current 250 mA (maximum) 250 mA (maximum) 
Cable Length: 
Coiled 20 in. ( 51 cm) 38 in. ( 97 cm) 


Extended 57 in. (145 cm) 75 in. (190 cm) 


Communication Protocol 


The communications link between the system and 
keyboard is bidirectional. For status information, 
the system controls the communications link. For 
data communication, either the system or the keyboard 
can put data on the data line, but not at the same 
time. Clock pulses are always required to transfer 
data generated by the keyboard in either direction. 
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Commands from the System 


The system can send various commands to the keyboard. 
When the keyboard is transmitting data to the system, 
the system first clamps the CLOCK signal line to 
request a keyboard transmission halt. To ensure that 
the keyboard recognizes the system's request, the 
CLOCK line must remain low (0) for at least 60 us. 

If the keyboard's transmission is past the rising 
edge of the parity bit’s CLOCK pulse, the keyboard 
completes its transmission before clocking in the 
system command. If the CLOCK line was clamped low 
prior to the rising edge of the parity bit clock 
pulse, the aborted transmission is loaded into the 
keyboard FIFO buffer. 


When the system is ready to transmit a command to the 
keyboard, it sets the DATA line low (0). This action 
serves as both a Request-to-Send and a start bit. On 
detecting the DATA line low, the keyboard sets the 
CLOCK line low, causing the start bit to be clocked 
out of the system. The system then places the least- 
significant bit (LSB, data bit <0>}) on the DATA line 
and the keyboard clocks this bit out of the system as 
shown in Figure 9-5. This process continues until 
all 8 data bits are clocked out of the system. 


After all data bits are clocked out of the system, 
the system places an odd parity bit on the DATA line. 
The keyboard repeats its clocking of the parity bit 
as before. The keyboard then sets the DATA line low 
and clocks this line to the system for a stop bit. 
When the keyboard receives the stop bit, the system 
clamps the CLOCK line low to inhibit the keyboard 
while it is processing the received data. 


After the keyboard receives a system command, the 
keyboard returns an ACK code to the system. If a 
parity error invalid code or time out occurs, a 
RESEND command is sent to the system. (For more 
information on the ACK code and RESEND, see the 
section titled “84-Key Keyboard Responses to the 
System’ in this chapter.) 


Keyboards 8-/ 


Figure 8-5 shows the timing of system-to-keyboard 8.4 KEYBOARD FUNCTIONS 

transmissions. 
This section describes the unique functions of each 
keyboard. These descriptions refer to the U.S. 
keyboards only, because key numbers differ for the 
various international keyboards. The layouts of the 
international keyboards are illustrated in Section 
8.6, International Keyboards. 


84-Key Keyboard 


The keyboard generates a fixed set of Make and Break 
codes for each of the keys on the 84-key keyboard. 
When a key is pressed, the keyboard sends that key's 


Type aide (88) DI 02 D3 D4 DS D6 ( 3B) (oda Stop 
j MS Odd 
0 0 Make code to the system. 


Actual 0 1 0 (¢] 
Data I | I I J I 
| I 


1 J 1 1 
I I I ( 
DATA ie ae eee | (es a ee | 
| | When a key is released, the keyboard sends two 
I I ! I 
l I I | 


| 
| I 
| | 
J I | 
keycodes forming the Break Code: FOh, followed by 


CLOCK : 
that key s Make code to the system. 
Tsh 

feta ee P Figure 8-6 shows a layout of the 84-key keyboard and 
Srna. parainale® “Ulin hiadrAUn the position number assigned to each key. Table 8-2 
ee eee. eee lists the Make codes for each key on the 84-key 
Tech Clock High 25 us 45 us 
Th Dato Hold Q us 25 us 
Tss Stop Bit Setup 8 US 20 us keyboard. 
Tsh Stop Bit Hold 15 us 25 us 


Notes: 1. DATA signal clamped low by system, used os RTC signal. 
2. DATA signal clamped low by keyboard as Stop Bit. 
3. CLOCK signal clamped low by system to Inhibit keyboard. 


Figure 8-5. System-to-Keyboard Timing Transmissions 
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Figure 8-6. Assigned Position Number for Each Key on the 84-Key Keyboard 
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Table 8-2. Legend and Keycode Data for the U.S. Table 8-2. (Continued) 
84-Key Keyboard Legend Make 
Legend Make Location (Top of Cap) Code 

Location (Top of Cap) Code 26 P 40 

1 ~ OE 27 { [ 54 

9 1 16 28 } ] 2B 

3 @ 2 LE 30 CTRL 14 

4 # 3 26 31 A IC 

5 $ 4 25 32 S 1B 

6 % 5 2E 33 D 23 

7 . 6 36 34 F 2B 

8 & 7 3D 35 G 34 

9 * 8 3E 36 H 33 

10 ( 9 46 37 J 3B 

11 ) 0 45 38 K 42 

12 7 = 4E 39 L 4B 

i een eee eS ee 40 : 4c 

14 \ 3D 41 " 52 

15 (BackSpace) 66 43 ENTER 5A 

16 (Back Tab) (Tab) OD 44 LEFT SHIFT 12 

17 Q 15 46 Z 1A 

18 W LD 47 X 22 

19 E 24 48 C 21 

20 R 20 49 V 2A 

21 T 2C 50 B 32 

22 Y 35 51 N 31 

23 U 3C 52 M 3A 

24 I 43 53 < : 4) 
25 0 44 (Continued) 


(Continued) 
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Table 8-2. (Continued) Table 8-2. (Continued) 


Legend Make Legend Make 
Location (Top of Cap) Code Location (Top of Cap) Code 
54 > ; 49 100 SCROLL LOCK 7E 
55 ? / 4A 101 g PGUP 7D 
57 (Right) SHIFT 59 102 6 (Right Arrow) 74 
58 ALT 11 103 3 PGDN /A 
61 (Space Bar) 29 104 DEL 71 
64 CAPS LOCK 58 105 SYS REQ 84 
65 F2 05 106 PRINT SCREEN * /C 
66 F4 06 107 - 7B 
67 F6 04 108 + 79 
69 F10 03 
70 Fl 05 
71 F3 04 
72 F5 03 
73 Ey 83 
74 F9 01 
90 ESC 76 
91 ] HOME 6C 
92 4 (Left Arrow) 68 
93 ] END 69 
95 NUM LOCK 77 
96 8 (Up Arrow) 75 
97 5 73 
98 2 (Down Arrow) 72 
99 0 INS /0 


(Continued) 
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System/Keyboard Commands and 
Acknowledgments 


The commands sent by the system are listed in 
Table 8-3. 


Table 8-3. System Commands to the Keyboard 
Code Function 


EDh Set Status Indicators 

EEh Echo Command (Diagnostic Aid) 
EFh..F2h Reserved--No operation 

F3h Set Key Repeat Rate 

Fah Enable the Keyboard 

F5h Disable Keyboard Scanning 
F6h Set Default Conditions 
F7h..FO0h Reserved--No operation 

FEh Resend Command 

FFh Reset Command 


SET STATUS INDICATORS (EDh) 


The Set Status Indicators (EDh) command is a 2-byte 
command that changes the state of the keyboard LED 
indicators. After receiving this command, the 
keyboard halts scanning, returns an ACK 
(acknowledgment) code to the system, and waits for 
the system to send the option byte. The option byte 
indicates which LED indicators are to be affected. 


When the option byte is received, the keyboard sets 
the status indicator, returns an ACK code, and 
resumes scanning if previously enabled. If another 
command is received while the keyboard is waiting for 
the option byte, the Set Status Indicators command is 
aborted and the new command is executed. No change 
to the LED indicators occurs. The status byte is 
formatted as follows: 


BIT 
= Scrol] Lock Indicator 

0 = Off 
1 = On 

Num Lock Indicator 

0 = Off 
1 = On 

Caps Lock Indicator 

0 = Off 
1 = On 


00000 (Reserved) 


Bit <7> is the most-significant bit (MSB), and bit 
<0> is the least-significant bit (LSB). 


a ang ct cen eh os neo cB at eg a nt a I a a a 
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ECHO (EEh) The format for the Set Key Repeat Rate/Delay Time 
byte is as follows: 


The Echo (EEh) command is used for diagnostics. 


After receiving this command, the keyboard returns an BIT 
Echo (EEh) response. 432] 0 
Repeat Rate (times per second) 
00000 = 30.0 10000 = 7.5 
NOP (EFh. .F2h) 00001 = 26.6 10001 = 6.7 
a Same 00010 = 24.0 10010 = 6.0 
The keyboard responds to the NOP command with an ACK STAG : a tatoo : a 
code. No other action is taken. 00101 = 18.4 10101 = 4.6 
00110 = 17.1 10110 = 4.3 
00111 = 16.0 10111 = 4.0 
SET KEY REPEAT RATE (F3h) Gt = ao eat r oe 
01010 = 12.0 11010 = 3.0 
The Set Key Repeat Rate (F3h) command is a 2-byte 01011 = 10.9 11011 = 2.7 
command that changes the key-repeat delay and rate 01100 = 10.0 11100 = 2.5 
values. 01101 = 9.2 11101 = 2.3 
01110 = 8.6 11110 = 2.1 
Once the keyboard receives the Set Key Repeat Rate O1111 = 8.0 llitl = 2.0 
command, it stops scanning and returns an ACK code. Delay Time 
The system then sends a byte that contains the repeat 00 = 250 ms 
rate and delay time values. The repeat rate is the 01 = 500 ms 
number of times the key is repeated every second. 10 = 750 ms 
11 = 1000 ms 


The delay time is the length of time a key must be 
held down before the key repeat function begins. The 

keyboard then returns an ACK code and remains in the PARES EINE) 
disabled state until it receives the Enable command. 


Keyboards 8-13 


ENABLE (F4h) 


The Enable (F4h) command causes the keyboard to start 
its scanning function. After receiving this command, 
the keyboard returns an ACK code, clears the output 
buffer, and starts scanning. 


DISABLE (F5h) 


The Disable (F5h) command halts keyboard scanning. 
After receiving this command, the keyboard returns an 
ACK (acknowledge) code to the system. 


SET DEFAULT CONDITIONS (F6h) 


The Set Default Conditions (F6h) command causes the 
keyboard to send an ACK code and its default 
conditions to the system. If the keyboard was 
enabled prior to receiving the Set Default Conditions 
command, the keyboard continues scanning. 


NOP (F7h. .FDh) 


The keyboard responds to the NOP command with an ACK 
code. No other action is taken. 


RESEND (FEh) 


The Resend (FEh) command is issued to the keyboard 
only after a keyboard transmission. The keyboard 
responds by retransmitting the most recent byte 
transmitted to the system. If the most recent byte 
was Resend, the keyboard transmits the byte sent 
before the Resend command. 


RESET (FFh) 


The Reset (FFh) command is accepted by the keyboard 
by returning an ACK code to the system. For the 
system to accept the ACK code, the system must raise 
the CLOCK and DATA lines for at least 500 us. After 
receiving the Reset command, the keyboard is disabled 
until either the ACK code is accepted by the system 
or another command is issued to the keyboard. 


If the Reset ACK code is accepted by the system as 
described above, the keyboard clears its character 
output buffer, sets the default repeat-key rate, and 
turns all LED indicators ON, then OFF. Once this 
process is completed, an ACK code is sent to the 
system followed by a Power-on Complete response (an 
AAh code). At this point, the keyboard returns to 
normal operation. 
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84-Key Keyboard Responses to the 
System 


Before the keyboard responses are sent to the system, 
the keyboard verifies the status of two signals, 
CLOCK and DATA. Should the CLOCK signal be low (=0), 
the keyboard recognizes an inhibited state and loads 
the keystrokes into its buffer as previously 
described. Once the inhibited state is removed, the 
keystrokes are sent to the system. If the data 
Signal is low, the keyboard recognizes a Request-To- 
Send condition from the system. Keystrokes are also 
loaded into the keyboard buffer for this state and 
the keyboard prepares to receive the system commands. 
Once this state is cleared, the stored keystrokes are 
sent to the system. 


The keyboard initiates the transmission of keystrokes 
and responses to system commands to the system only 
when both the CLOCK and DATA signals are high (=1). 
Data transmitted to the system consists of 11 bits: 

a start bit, 8 data bits, an odd parity bit, anda 
stop bit. Figure 8-7 shows the timing transmission 
for keyboard responses sent to the system. 


Type Stort 00 Di D2 D3 04 DS D7 Parit Stop 
Bit (LSB) (MSB) (Oda) 
Actual 18] (0) 0 0 1 0 0 1 
ata l | | I 1 | I | | 
| | 


J 1 
| | 
DATA 1 \ 
| ! 
! | 
t I 


Code = 58h 
Symbol Parameter Mintmum_ Maximum 
Tey Cycle Time 60 Us BO U8 
Tel Clock Low 30 us 35 us 
Teh Clock High 3ous 45 U8 
Ts Data Setup gus 14 US 
Th Data Hold 45 ue 62 us 


Note: CLOCK sIignal clamped low by system to Inhibit keyboord. 


Figure 8-7. Timing Diagram Standard for Keyboard- 
to-System Transmissions 


The system can halt a keyboard transmission by 
setting the CLOCK signal low. The keyboard checks 
the CLOCK signal every 60 us to verify the signal's 
state. If the CLOCK signal is detected as low, the 
keyboard finishes this transmission only if the 
rising edge of the CLOCK pulse for the parity bit has 
not occurred. 


Responses sent from the keyboard to the system are 
listed in Table 8-4. 


Table 8-4. Keyboard Responses to the System 
Code Function 
OOh Overrun 


AAh Power-On Completed 
EEh ~ Echo 


FOh = Break 
FAh ACK 
FEh Resend 


FDh Failure 
OVERRUN (00h) 


The keyboard places 00h as the last character in the 
keyboard character buffer to indicate a buffer 
overrun. 
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POWER-ON COMPLETED (AAh) 


The keyboard transmits the Power-On Completed (AAh) 
response to the system upon completion of power on 
and removal of the keyboard inhibit state, or on 
successful completion of a Reset command from the 
system. 


ECHO (EEh) 


The keyboard transmits an Echo response to the system 
in response to the system's Echo command. This 
response is substituted for the ACK code. 


BREAK (FOh) 


When a key is released, the keyboard transmits a 
Break prefix (F0h), followed by the Make code for 
that particular key. 


ACK (FAh) 

The keyboard transmits an ACK (FAh) code in response 
to valid system commands, except for an Echo or 
Resend command. If the command is not valid or had a 
parity error, the keyboard sends a Resend command to 
the system instead of an ACK. If the system begins a 
transmission during an ACK code response, the 
keyboard discards this ACK code and the new system 
command is accepted and processed. 
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RESEND (FEh) 


The keyboard transmits a Resend (FEh) response to the 
system in response to an invalid system command. The 
Resend response instructs the system to retransmit 
its last command. 


COMPAQ Enhanced Keyboard 


The COMPAQ Enhanced Keyboard is capable of performing 
all the functions of the 84-key keyboard. It also 
supports a number of additional modes and functions. 
The most outstanding features are a separate cursor 
control key cluster and the addition of keys Fll and 
F12. Figure 8-8 shows a layout of the keyboard and 
the position number assigned to each key. 


NOTE: Position numbers apply only to the U.S. 
English keyboard; position numbers are 
different for the international keyboard. 


1 


IDnBOe cee 


Re 


ES CI Serre orca 


+ — 


Figure 8-8. Assigned Position Number for Each Key on the COMPAQ Enhanced Keyboard 


Keyboards 8-17 


coos 


ee i a a 
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The COMPAQ Enhanced Keyboard has three operating 
modes. Each can be selected by using keyboard 
commands, which are discussed in more detail later in 
this section. These modes offer a range of 
functionality and compatibility features to software 
applications. 


Mode 1 


In Mode 1, the scan codes generated by the enhanced 
keyboard are compatible with keyboards used in 8088- 
and 8086-based systems. To access Mode 1 scan codes, 
send the FOh keyboard command to the keyboard and 
disable the 8042 scan code translation mapping. The 
scan codes generated by Mode 1 of the keyboard are 
identical to system codes required for input to the 
BIOS. To obtain system codes and status information, 
BIOS INT 16h functions AH = 00h, Olh, and 02h should 
be used by applications operating the keyboard in 
Mode 1. 


Mode 2 


In Mode 2, the COMPAQ Enhanced Keyboard generates 
scan codes compatible with the 84~-key keyboard. 


Mode 2 is the default mode of the COMPAQ Enhanced 
Keyboard that is selected by the COMPAQ DESKPRO 286 
during power-on initialization. In this mode, the 
8042 keyboard controller scan code translation is 
enabled so that the scan codes generated by the 
keyboard can be translated to the system codes 
required by the BIOS. Except for the system codes 
associated with the new keys of the COMPAQ Enhanced 
Keyboard, the system codes (after translation) 
resemble the scan codes generated by the keyboard in 
Mode 1. To properly access the system codes 
generated by the new keys of the COMPAQ Enhanced 
Keyboard, applications should use BIOS functions INT 
16h AH = 10h, 1lh, and 12h instead of the traditional 
functions INT 16h AH = 00h, Olh, and O2h. During 
power-on, NUM LOCK is set active to enable the 
numeric keypad. 


Mode 3 


Mode 3 generates a scan code set different from those 
of Modes 1 or 2. In this mode, the 8042 keyboard 
controller translation must be disabled, because the 
8042 is not capable of translating the scan code set 
generated. Applications that want to use the COMPAQ 
Enhanced Keyboard in Mode 3 should explicitly select 
this mode by using the FOh keyboard command. These 
applications must assume responsibility for directly 
handling the scan codes generated by the keyboard 
since the 8042 and BIOS are not capable of handling 
the scan code set generated in Mode 3. 
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en 


Tables 8-5 through 8-9 lists the scan code sets Table 8-5. COMPAQ Enhanced Keyboard Scan Codes 
generated by the COMPAQ Enhanced Keyboard Modes 1, 2, for Mode_1 
and 3. For Mode 1, a Break code consists of a Make K ie ahs 
de wi ; ey ey Cap ex 
code with the high bit (bit <7>) set to 1. For a ae eee Netesets 2)”. Notes 


example, 9Ch is the Break code for 1Ch, and AOh is i 29 
the Break code for 20h. For Modes 2 and 3, a Break 


code is a 2-byte sequence consisting of the Make code : = 
immediately preceded by the F0h. For example, FOh r 3 04 
OEh is the Break code for OEh. 5 4 05 
6 5 06 
In Modes 2 and 3, the COMPAQ Enhanced Keyboard 7 6 07 
generates the Break codes, FOh precedes the Make code 8 7 08 
to signify a Break code sequence. In Mode 1, the 9 8 09 
keyboard generates the Break codes by setting the 10 9 OA 
most~significant bit of the Make code to a l. il 0 0B 
12 7 OC 
13 + 0D 
15 BACKSPACE OE 
16 TAB OF 
17 Q 10 
18 W 11 
a ee | 
Notes: 1. Scan code refers to the code generated by 


the keyboard when a key is pressed. 
System code refers to the code input to 
the BIOS. Note that in Mode 1, the 
system codes are identical to the scan 
codes, because no translation is 
performed by the 8042 keyboard 
controller board. 

2. All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

(Continued) 
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Table 8-5. 
U.S. Scan Code 
Key Key Cap (hex) 
Location Legend (Notes 1, 2) 
20 R 13 
2] T 14 
22 Y 15 
23 U 16 
24 I Ly 
25 0 18 
26 P 19 
2] [ 1A 
28 ] 1B 
29 \ 2B 
30 C 3A 
31 A 1E 
32 S LF 
33 D 20 
34 F 21 
35 G 22 
36 H 23 
37 J 24 
38 K 25 
39 L 26 
40 2] 
41 id 28 
42 2B (International only) 
43 ENTER 1C 
44 (Left) SHIFT 2A 
45 56 (International only) 


SZ ol OlHé< 


(Continued) 


U.S. Scan Code 
Key Cap (hex) 
Legend (Notes 1, 2) Notes 


2C 
2D 
2E 
2F 
30 
31 
32 
33 
34 
35 


(Right) SHIFT 36 
CTRL 1D 
(Left) ALT 38 
(Space Bar) 39 
(Right) ALT EO 38 
(Right) CTRL 0 1D 


Scan code refers to the code generated by 
the keyboard when a key is pressed. 
System code refers to the code input to 
the BIOS. Note that in Mode 1, the 
system codes are identical to the scan 
codes, because no translation is 
performed by the 8042 keyboard 
controller. 
All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

(Continued) 


Table 8-5. (Continued) 

U.S. Scan Code 
Key Key Cap (hex) 
Location Legend (Notes 1, 2) Notes 
75 INS EO 52 3 
76 DEL EO 53 3 
79 (Left Arrow) £0 4B 3 
80 HOME EO 47 3 
81 END EO 4F 3 
83 (Up Arrow) EO 48 3 
84 (Down Arrow) €0 50 3 
85 PGUP EO 49 3 
86 PGDN EO 51 3 
89 (Right Arrow) £0 4D 3 
90 NUM LOCK 45 4 
91 7 4] 4 
92 4 4B 4 
93 1 4F 4 
95 / EQ 35 4 
96 8 48 4 
97 5 4C 4 
98 2 50 4 
99 0 52 4 
100 ~ 3/ 4 
101 9 49 4 
102 6 4D 4 
103 3 51 4 
104 ' 53 4 
105 - 4A 4 
106 + 4E 4 
108 ENTER EQ 1C 4 


(Continued) 


Table 8-5. 


Key 
Location 


110 


U. 
Ke 
Le 


ES 
Fl 
F2 


Fl 
Fl 
Fl 
PR 
SC 
PA 
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(Continued) 
S. Scan Code 
y Cap (hex) 
gend (Notes 1, 2) Notes 
C 01 
3B 
3C 
30 
3E 
3F 
40 
4) 
42 
43 
0 44 
] 57 
2 58 
INT SCREEN EO 2A E0 37 


ROLL LOCK 46 
USE El 1D 45 E1 9D C5 


Scan code refers to the code generated by 
the keyboard when a key is pressed. 
System code refers to the code input to 
the BIOS. Note that in Mode 1, the 
system codes are identical to the scan 
codes, because no translation is 
performed by the 8042 keyboard 
controller. 

All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

scan codes listed are for NUM LOCK 
inactive. 

This is a numeric cluster key. 
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The following keys have special codes during Mode 1 
operation depending on the state of the SHIFT, NUM 
ALT, and CTRL keys. Table 8-6 lists the scan 


LOCK, 
codes 


generated by these keys. 


Table 8-6. Combination Scan Codes for Mode 1 
U.S. 
Key Key Scan Code 
Location Legend Make/Break 
Shift Active with NUM LOCK OFF: 
75 INS EQ AA EO 52 
76 DEL EQ AA E0 53 
79 (Left Arrow) EO AA EO 4B 
80 HOME EQ AA EO 47 
81 END EQ AA EO 4F 
83 (Up Arrow) EO AA E0 48 
84 (Down Arrow) EO AA EO 50 
85 PGUP EO AA EO 49 
86 PGDN EO AA EO 51 
89 (Right Arrow) EO AA £0 40 
Shift Active with NUM LOCK ON: 
75 INS EQ 52 
76 DEL EO 53 
79 (Left Arrow) £0 4B 
80 HOME EQ 47 
81 END EQ 4F 
83 (Up Arrow) EO 48 
84 (Down Arrow) E0 50 
85 PGUP EO 49 
86 PGON EO 51 
89 (Right Arrow) E0 4D 


(Continued) 


Table 8-6. (Continued) 


U.S. Scan Code 

Key Key Make/Break 
Location Legend 
Shift Active with NUM LOCK OFF: 

95 KEYPAD / EO AA EO 35/E0 BS E0 2A 
Shift Active or CTRL Active: 

124 PRINT SCREEN EO 37 / EO B7 
ALT Active: 

124 PRINT SCREEN 54 / D4 
CTRL Active: 

126 PAUSE EO 46 E0 C6 


Note: Key 126 is not typematic and generates a scan 
code only on the Make condition. 


Table 8-7. 


Key 
Code 


COMPAQ Enhanced Keyboard Scan Codes 
for Mode 2 


U.S. 
Key Cap 
Legend 


1 OPOlLOI™N DM 1 ny 1 [Pope 


+ 
BACKSPACE 
TAB 


HI OV ( Ole | Cl<i a | alm elo 


Scan Code 
(hex) 
(Notes 1, 2) 
OE 

16 

1E 
26 
25 
2E 
36 
3D 
3E 
46 
45 
4E 
55 
66 
0D 
15 
10 
24 
2D 
2C 
35 
3C 

43 

44 

4D 

54 

5B 


System 
Code 
(hex) 
29 
02 
03 
04 
05 
06 
07 
08 
09 
0A 
0B 
OC 
OD 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 


Note 


(Continued) 


Table 8-7. 


Key 
Code 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4] 
42 
43 
44 
45 
Notes: l. 
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(Continued) 

U.S. Scan Code System 

Key Cap (hex) Code 

Legend (Notes 1, 2) (hex) Note 

\ 50 2B 

CAPS LOCK 58 3A 

A 1C 1E 

S 1B LF 

D 23 20 

F 2B 21 

G 34 22 

H 33 23 

J 3B 24 

K 42 25 

L 4B 26 

; 4C 27 

‘ 52 28 

5D (International only) 
ENTER 5A ic 
(Left) SHIFT 12 2A 
61 (International only) 

Scan code refers to the code generated by 
the keyboard when a key is pressed. The 
system code is the code as translated by 
the 8042 keyboard controller and input to 
the BIOS. 
All scan codes listed are for SHIFT, ALT, 


and CIRL inactive. 
(Continued) 


ar a - 
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Table 8-7. (Continued) 


U.S. Scan Code System 
Key Key Cap (hex) Code 
Code Legend (Notes 1, 2) (hex) Note 
46 Z 1A 2C 
47 X 22 2D 
48 C 21 2E 
49 V 2A oF 
50 B 32 30 
51 N 31 31 
52 MH 3A 32 
53 ; 4] 33 
54 : 49 34 
55 / 4A 35 
57 (Right) SHIFT 59 36 
58 (Left) CTRL 14 1D 
60 (Left) ALT 11 38 
61 (Space) 29 39 
62 (Right) ALT EO 11 EO 38 
64 (Right) CTRL £0 14 EO 10 
75 INS EO 70 EO 52 3 
76 DEL EO 71 EO 53 3 
79 (Left Arrow) £0 6B EO 4B 3 
80 HOME EQ 6C EQ 47 3 
81 END FO 69 EO 4F 3 
83 (Up Arrow) EO 75 EO 48 3 
84 (Down Arrow) 0 72 EO 50 3 
85 PGUP EQ 7D EQ 49 3 
86 PGDN EO 7A EO 51 3 
89 (Right Arrow) EO 74 EO 4D 3 
90 NUM LOCK 77 45 4 
91 ] 6C 47 4 

(Continued) 


Table 8-7. (Continued) 


U.S. Scan Code System 
Key Key Cap (hex) Code 
Code Legend (Notes 1, 2) (hex) Note 
92 4 6B 48 4 
93 1 69 4F 4 
95 / EO 4A EO 35 4 
96 8 75 48 4 
97 5 73 4C 4 
98 2 72 50 4 
99 0 70 52 4 
100 - 7C 37 4 
101 9 7D 49 4 
102 6 74 4D 4 
103 3 7A 51 4 
104 71 53 4 
105 - 7B 4A 4 
106 + 79 4E 4 
108 ENTER EO 5A EO 1C 4 
110 ESC 76 01 
112 Fl 05 3B 
113 F2 06 3C 
Notes: 1. Scan code refers to the code generated by 


the keyboard when a key is pressed. The 
system code is the code as translated by 
the 8042 keyboard controller and input to 
the BIOS. 

2. All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

3. Scan codes listed are for NUM LOCK 
inactive. 

4. This is a numeric cluster key. 

(Continued) 
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Table 8-7. (Continued) The following keys have special codes during Mode 2 
U.S. Scan Code System operation depending on the state of the SHIFT, NUM 
Key Key Cap (hex) Code LOCK, ALT, and CTRL keys. Table 8-8 lists the scan 
Code ___tegend (Notes 1, 2) (hex) Note Legend (Notes 1, 2) (hex) Note codes generated by these keys. 
114 F3 04 3D 
a ee ee Table 8-8. Combination Scan Codes for Mode 2 
pets ae ern reer tere ee a Key U.S. Key Scan Code 
OUT ct 2 Os OD a Location Legend 
118 F7 83 41 eee Shift Active with NUM LOCK OFF: 
119 F8 OA 42 75 INS EO FO 12 £0 70 
120 F9 01 43 76 DEL EO FO 12 £0 71 
121 F10 09 44 79 (Left Arrow) £0 FO 12 EO 6B 
122 Fil 78 57 80 HOME EO FO 12 £0 6C 
123 F12 07 58 81 END EO FO 12 E0 69 
124 PRINT SCREEN EO 12 £0 7C EO 2A EO 37 83 (Up Arrow) EO FO 12 E075 
125 SCROLL LOCK /7E 46 84 (Down Arrow) £0 FO 12 E0 72 
126 PAUSE El 14 77 €1 El 1D 45 €1 9D 85 PGUP EO FO 12 £0 7D 
FO.14 FO 77 C5 86 PGDN EQ FO 12 £0 7A 
Notes: 1. Scan code refers to the code generated by 89 (Right Arrow) EO FO 12 EO 74 
the keyboard when a key is pressed. The Shift Inactive with NUM LOCK ON: 
system code is the code as translated by 75 INS FO 12 £0 70 
the 8042 keyboard controller and input to 
the BIOS. 76 DEL EO 12 E0 71 
2. All scan codes listed are for SHIFT, ALT, 79 (Left Arrow) £0 12 E0 68 
and CTRL inactive. 80 HOME =——iFO NZ EO CC 
3. Scan codes listed are for NUM LOCK 81 END EO 12 EO 69 
inactive. 83 ~——s(Up Arrow) E012 £075 
4. This is a numeric cluster key. = 1 panae = eo 
85 ~—SPGUP,—“ s——(isé‘“—~rCZ EO Dt—~—<“CsCsCS 
86 PGDN EO 12 EO 7A 
Combination scan codes for Mode 2 are the same as for 89 (Right Arrow) £0 12 £0 74 
Mode 1. Refer to Table 8-6 for the combination scan Shift Active with NUM LOCK OFF: 
codes 95 Keypad /_ EO FOZ 4A 
(Continued) 
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Table 8-8. (Continued) 
Key U.S. Key Scan Code 


Location Legend 


Shift Active or CTRL Active: 


124 PRINT SCREEN EO 7C 
ALT Active: 
124 PRINT SCREEN 84 
CTRL Active: 
126 PAUSE EO 7E EO FO 7E 
Note: Key 126 is not a repeat key and generates a 


scan code only on the Make condition. 


Table 8-9. COMPAQ Enhanced Keyboard Scan Codes 
for Mode 3 
U.S. Scan Code 
Key Key Cap (hex) 
Code Legend (Notes 1, 2) Note 
l OE 
2 l 16 
3 2 1E 
4 5 26 
5 4 25 
6 5 2E 
7 6 36 
8 7 3D 
9 8 3E 
10 9 46 
11 0 45 
12 - 4E 
13 + 55 
15 BACKSPACE 66 
16 TAB 0D 
17 Q 15 
18 W 1D 
Notes: 1. Scan code refers to the code generated by 


the keyboard when a key is pressed. 
No system code is shown in this mode, 
because in keyboard Mode 3 the 8042 
keyboard controller scan code 
translation should be disabled. The 
application should directly handle al] 
scan codes as generated by the keyboard. 
All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

(Continued) 
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Table 8-9. (Continued) Table 8-9. (Continued) 
U.S. Scan Code U.S. Scan Code 

Key Key Cap (hex) Key Key Cap (hex) 

Code Legend (Notes 1, 2) Note Code Legend (Notes 1, 2) Note 

19 E 24 46 Z 1A 

20 R 2D 47 X 22 

21 T 2C 48 C 21 

22 Y 35 49 V 2A 

23 U 3C 50 B 32 

24 I 43 51 N 31 

25 0 44 52 M 3A 

26 P 4D 53 ; 41 

27 [ 54 54 ‘ 49 

28 ] 5B 55 / 4A 

29 \ 5C 57 (Right) SHIFT 59 

30 CAPS LOCK 14 58 (Left) CTRL 11 

31 A 1c 60 (Left) ALT 19 

32 S 1B 61 (Space Bar) 29 

33 D 23 62 (Right) ALT 39 

34 F 2B 64 (Right) CTRL 58 

35 G 34 75 INS 67 

36 H 33 76 DEL 64 

37 J 3B Notes: 1. Scan code refers to the code generated by 

38 K 4? the keyboard when a key is pressed. 

39 L 4B No system code is shown in this mode, 
because in keyboard Mode 3 the 8042 

40 1 4c keyboard controller scan code translation 

41 92 should be disabled. The application 

42 53 (International only) should directly handle all scan codes as 

43 ENTER 5A generated by the keyboard. 

44. (left) SHIFT 12 2. All scan codes listed are for SHIFT, ALT, 


45 13 (International only) and CTRL inactive. 


(Continued) (Continued) 
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Table 8-9. (Continued) 


US: Scan Code 
Key Key Cap (hex) 
Code Legend (Notes 1, 2) Notes 
73 (Left Arrow) 61 
80 HOME 6E 
81 END 65 
83 (Up Arrow) 63 
84 (Down Arrow) 60 
85 PGUP 6F 
86 PGDN 6D 
89 (Right Arrow) 6A 
90 NUM LOCK 76 3 
91 / 6C 3 
92 4 6B 3 
93 1 69 3 
95 v4 77 3 
96 8 15 3 
97 5 i3 3 
98 2 72 3 
99 0 70 3 
100 x 7E 3 
101 9 7D 3 
102 6 74 3 
103 3 7A 3 
104 71 3 
105 - 84 3 
106 + 7C 3 

(Continued) 


Table 8-9. (Continued) 
U.S. Scan Code 
Key Key Cap (hex) 
Code Legend (Notes 1, 2) Notes 
108 ENTER 793 3 
110 ESC 08 
112 Fl 07 
113 F2 OF 
114 F3 17 
115 F4 IF 
116 F5 2/7 
117 F6 2F 
118 F7 37 
119 F8 3F 
120 F9 4] 
121 F10 4F 
122 F1l 56 
123 F12 5E 
124 PRINT SCREEN 57 


SCROLL LOCK 5F 

PAUSE 62 
Scan code refers to the code generated by 
the keyboard when a key is pressed. 
No system code is shown in this mode, 
because in keyboard Mode 3 the 8042 
keyboard controller scan code translation 
should be disabled. The application 
should directly handle all scan codes as 
generated by the keyboard. 
All) scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 
This is a numeric cluster key. 


In addition to the commands supported by the 84-key 
keyboard, the COMPAQ Enhanced Keyboard supports a 
number of commands related to its enhanced 
programmable functions. Table 8-10 lists the 
additional commands supported by the COMPAQ Enhanced 
Keyboard. 


Table 8-10. Additional Commands Supported by the 
COMPAQ Enhanced Keyboard 

Command Code — Function 

F2h Requests the identification sequence 
from the keyboard. The keyboard 
should respond with an ACK and the 
2-byte identification code. The 
enhanced keyboard identification 
sequence is ABh followed by 83h. The 
keyboard scanning is then enabled. 

EFh, Flh Keyboard does not acknowledge these 
commands. The keyboard transmits a 
Resend response and continues scanning 
for keys. 

FOh Selects one of three modes of 
operation for the COMPAQ Enhanced 
Keyboard. This is a 2-byte command 
sequence. The second byte specifies 
the mode of the COMPAQ Enhanced 
Keyboard. The second byte is as 
follows: 


01 - Selects Mode 1 of the keyboard. 
02 - Selects Mode 2 of the keyboard. 
03 - Selects Mode 3 of the keyboard. 


Once the option byte is acknowledged, 
the keyboard establishes the new mode 


of operation and resumes scanning. 
(Continued) 
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Table 8-10. (Continued) 

Command Code _ Function 

F7h Programs all keys to be able to 
perform the repeat function. Once the 
keyboard acknowledges the command, it 
resumes scanning if previously 
enabled. This command is enabled only 
during the Mode 3 keyboard operation. 


F8h Programs all keys to generate 
Make/Break codes. Once the keyboard 
acknowledges the command, it resumes 
scanning if previously enabled. 

This command is enabled only during 


Mode 3 keyboard operation. 


FSh Programs all keys to generate only 
Make codes. Once the keyboard 
acknowledges the command, it resumes 
scanning if previously enabled. This 
command is enabled only during Mode 3 


keyboard operation. 

FAh Programs all keys for Make/Break and 
repeat operations. Once the keyboard 
acknowledges the command, it resumes 
scanning if previously enabled. This 
command is enabled only during Mode 3 
keyboard operation. 

FBh Enables the repeat function of an 
individual key. A 2-byte command, of 
which the second byte is the Make 
code, it identifies the key to be 
affected by the command. This 
command is enabled only during Mode 3 
keyboard operation. Keyboard scanning 
is disabled after this command. An 
Enable (F4h) command allows the 
keyboard to resume scanning. 

(Continued) 
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Table 8-10. 
Command Code 
FCh 


FDh 


F5h 


(Continued) 


Function 

Programs an individual key to generate 
Make and Break codes. A 2-byte 
command, of which the second byte is 
the Make code, it identifies the key 
to be affected by the command. This 
command is enabled only during Mode 3 
keyboard operation. Keyboard scanning 
is disabled after this command. An 
Enable (F4h) command allows the 
keyboard to resume scanning. 

Programs an individual key to generate 


only Make codes. A 2-byte command, of 
which the second byte is the Make 


code, it identifies the key to be 
affected by the command. This command 
is enabled only during Mode 3 keyboard 
operation. Keyboard scanning is 
disabled after this command. An 
Enable (F4h) command allows the 
keyboard to resume scanning. 

Disables the keyboard from the system. 
The keyboard acknowledges the command 
and resets to the following 
conditions: 


= Resets typematic rate to 10 
characters per second 


Sets typematic delay to 500 ms 
Halts scanning 

Clears keyboard buffer 

Sets default key types (Mode 3 
only) 

= Clears last typematic key 

= Awaits further system instructions 


(Continued) 


Table 8-10. (C 
Command Code 


F6h 


ont inued) 

Function 

The keyboard resets to the following 

conditions: 

= Resets typematic rate to 10 
characters per second 
Sets typematic delay to 500 ms 
Clears keyboard buffer 
Sets default key types (Mode 3 
only) 
Clears last typematic key 
Continues to scan 


Figure 8-9 shows the key legends associated with key 
42 for the international COMPAQ Enhanced Keyboards. 


Figure 8-10 shows the legends for key 45. Table 8-11 
lists the scan codes for these keys. 
Table 8-11. International Scan Codes 

Mode 1 Mode 2 Mode 3 
Key Scan Code (h) Scan Code (h) Scan Code (h) 
42 2B 50 53 
45 56 61 13 
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GERMAN FRANCE NORWEGIAN 


Figure 8-9. Key 42 
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NORWEGIAN GERMAN FRANCE 


UK 


Figure 8-10. Key 45 


8.5 CONNECTORS 


The keyboar 
modular-typ 
Figure 8-1] 
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Table 8-12 


Table 8-12. 


COMPAQ 
DESKPRO 286 
Pin 


d for the COMPAQ PORTABLE 286 uses a 6-pin 
e connector, which is shown in 


rds for the COMPAQ DESKPRO 286 use a 5-pin 
ector, which is shown in Figure 8-12. 


lists the keyboard connector signals. 


Keyboard Cable Connector Signals 


Signal 

KBDCLK (Keyboard Clock Signal) 
KBDDATA (Keyboard Data Signal) 
Reserved (Note 1) 

Signal Ground 

Power (Note 2) 

Chassis Ground 


. Pin 3 on the COMPAQ PORTABLE 286 keyboard 


connector is +5 VDC. 


. Power for the COMPAQ PORTABLE 286 is 


+12 VDC. Power for the COMPAQ DESKPRO 286 
is +5 VOC. 
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GROUND 6/0 o |S +5 Vde 


—1.___— CHASSIS GROUND 


Figure 8-11. COMPAQ PORTABLE 286 Keyboard Connector 


Key 

Pin Signal 

1 KBDCLK 

2 KBDDATA 

ms) Not Used 

4 SIGNAL GROUND 
5 +5 Vde 


CHASSIS GROUND 


Figure 8-12. COMPAQ DESKPRO 286 Keyboard Connector 
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8.6 INTERNATIONAL KEYBOARDS 


This section shows the international versions of the COMPAQ Enhanced Keyboard and the 84-key keyboard. 
Figures 8-13 through 8-22 show the version by country in alphabetic order. 
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Figure 8-13. French Enhanced Keyboard 
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Figure 8-14. 
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Figure 8-17. Italian Enhanced Keyboard 
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Figure 8-18. 
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Figure 8-19. Spanish Enhanced Keyboard 
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Figure 8-20. 
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Figure 8-21. United Kingdom Enhanced Keyboard 
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Figure 8-22. 
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Figure 8-23. Danish Enhanced Keyboard 
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Figure 8-24. Norwegian Enhanced Keyboard 
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Figure 8-25. Swedish/Finnish Enhanced Keyboard 
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Figure 8-26. Swiss Enhanced Keyboard 
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Chapter 9 9-1 
POWER SUPPLY 


9.1 INTRODUCTION 


The COMPAQ PORTABLE 286° and COMPAQ DESKPRO 286° 
Personal Computers use a switching-type power supply 
to provide high-amperage, low-noise, DC power for the 
system. 


Figure 9-1 shows the power supply for the COMPAQ 
PORTABLE 286. Figure 9-2 shows the power supply for 
the COMPAQ DESKPRO 286. 


Figure 9-2. COMPAQ DESKPRO 286 Power Supply 


9.2 FUNCTIONAL DESCRIPTION 


The power supply provides four voltage levels for the 
system (+5 Vdc, -5 Vdc, +12 Vdc, and -12 Vdc). The 
+12 Vdc is provided as two separate outputs, main and 
auxiliary, to provide better power regulation. The 
COMPAQ PORTABLE 286 also provides +16 Vdc 
(unregulated) for the cooling fan. 


Figure 9-3 shows the functional block diagram for 
Figure 9-1. COMPAQ PORTABLE 286 Power Supply both systems. 
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+16 Vdc (Note 2) 


Filtered Autocycle +5 Vde 
AC Input Cirevit ff +12 Vde Main 
and rt +12 Vde (Note 1) 
AC to DC —|? Vde 
Conversion at —~5 Vde 


+5V RST 


Missing Cycle a TIL Reset 
Generator 
Detector Voltage 
Monitor 
Brownout 
Detector 
en 
Good PWRGOOD 


Restart en 


+5 Vde Error +5VS 
Feedback | Amplifier 


Notes: 1. This signal is +12 Vdc MON for the 
COMPAQ PORTABLE 286. It is 12 Vdc AUX 
for the COMPAQ DESKPRO 286. 
2. COMPAQ PORTABLE 286 only. 


Figure 9-3. Power Supply Functional Block Diagram 


AC Input 


The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 have 
power supplies with jumper-selectable inputs to 
select 120 volt (North American) or 220-240 volt 
(international) AC power input. The COMPAQ DESKPRO 
286 has different cooling fans and AC power fuses for 
the North American and international versions. The 
COMPAQ PORTABLE 286 only requires a different AC 
power fuse. 


NOTE: Only Authorized COMPAQ Computer Service 
Representatives should change the AC input 
configuration. Changing the AC input 
configuration invalidates the COMPAQ 
warranty. The label near the AC power switch 
states the AC input power requirements for 
your system. 


Power-On Sequence 


The power-on sequence guarantees that all outputs are 
above the specified low voltage limits within 100 ms 
of power-on. The output load determines the order 
and the amount of time after the PWRGOOD signal is 
active (high) in which the outputs reach their 
regulated voltage level. Signal +5VRST is also set 
high at or prior to PWRGOOD becoming active (high). 


Power-Down Sequence 


The power-down sequence is dependent on the same 
variables as the power-on sequence. The output load 
determines both the order in which the output 
voltages drop out of regulation and the time 
remaining after the PWRGOOD signal becomes inactive 
(low). The PWRGOOD signal goes low within 8 ms after 
the power switch is turned off. 


Autocycle Circuitry 


The Autocycle Circuitry is the heart of the fault- 
detection functions for the power supplies. When a 
fault is detected, the power supply shuts down for 
approximately two seconds, then tries to restart. 

If the fault still exists, the power supply stays off 
for another two seconds, then tries to restart again. 


The following paragraphs describe the additional 
protection of fault-detection circuits that trigger 
the autocycle circuitry. 


The overvoltage protection circuit provides two types 
of protection. First, all outputs have a zener diode 
that will short to ground any supply voltage that 
exceeds specifications. Second, the +5 Vdc output 
has an overvoltage crowbar circuit that triggers the 
autocycle function when the output exceeds 6.2 Vdc 
for the COMPAQ PORTABLE 286 or 5.6 Vde for the COMPAQ 
DESKPRO 286. 


The low voltage protection circuit monitors the DC 
outputs. When one of the outputs drops below the 
specified limit, it triggers the autocycle circuit. 


Power Supply 9-3 


The AC input overcurrent protection circuit is a fuse 
on the outside of the unit. The fuse rating varies 
with the model (see Table 9-1). 


NOTE: The power supply for the 12-MHz COMPAQ 
DESKPRO 286 does not contain a missing power 
detector circuit. 


The missing cycle detector monitors the AC power 
input. If the AC power input is interrupted for more 
than one-half cycle, it pulls the PWRGOOD signal low, 
thereby triggering the autocycle circuit. 


The brownout protection circuit and the autocycle 
circuit are triggered if the AC input voltage drops 
to 65-100 Vac (North American) or 130-200 Vac 
(international) under nominal to heavy loads. 


CAUTION 
Do not attempt to disassemble 
or repair the power supply. 
There are no user-serviceable 
components. Never operate 
the power supply without a 
load. 
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9.3 SPECIFICATIONS 


Tables 9-1 through 9-3 provide the power supply specifications. 


Table 9-1. Power Supply Specifications 


COMPAQ PORTABLE 286 COMPAQ DESKPRO 286 COMPAQ DESKPRO 286 
(6 and 8 MHz) (12MHz Only) 
Input AC voltage RMS: 
Domestic 102 to 132 VAC 102 to 132 VAC 102 to 132 VAC 
International 204 to 264 VAC 204 to 264 VAC 204 to 264 VAC 
Line frequency: 47 to 62 Hz 47 to 62 Hz 47 to 62 Hz 
Input fuse rating: 
120 VAC RMS 3 A 4A 5A 
220-240 VAC RMS 2.5 A 2.5 A 4A 
In-rush current (peak, over one line cycle interval): 
120 VAC 40 A 40 A OA 
220-240 VAC 80 A 80 A 80 A 
Environment: 
Temperature 41°F to 113°F (5°C to 45°C) 41°F to 113°F (5°C to 45°C) 41°F to 113°F (5°C to 45°C) 
Altitude 0 to 10,000 ft (0 to 3 000 m) 0 to 10,000 ft (0 to 3 000 m) 0 to 10,000 ft (0 to 3 000 m) 
Relative humidity 5% to 95% 5% to 95% 5% to 95% 
Power dissipation (Note 1): 
Starting (Note 2) 200 W 200 W 220 W 
Steady state 160 W 160 W 192 W 


Notes: 1. These limits were established under the following conditions: 120 V, 60 Hz, 25°C, sea level, and 50% 
relative humidity. 
2. Peak output power may be used on a 5-percent duty cycle, not to exceed 30-seconds continuous operation. 
(Continued) 


Power Supply 325 


Table 9-1. (Continued) 


COMPAQ PORTABLE 286 COMPAQ DESKPRO 286 
Current (A) Current (A) 
Voltage: Nominal Min. Max. Abs. Max. Regulation Nominal Min. Max. Abs. Max. Regulation 
(Note 3) (Note 3) 
+5 VDC +5.0 1.5 15.0 (+ 2%) +5.0 1.5 15.0 (Note 4) (+ 2%) 
+12 VDC $1225" VO: Se 770 (+ 2%) +12.25 1.0 5.0 7.0 (+ 2%) 
+12 VDC(Aux) N/A #12.25 0.0 5.0 7.0 (+ 2%) 
+12 VDC(MON) #12.25 0.0 1.5 3.0 (+ 2%) N/A 
-5 voc -5.0 0.0 0.5 (+ 5%) -5.0 0.0 0.5 (+ 5%) 
-12 VDC -12.0 0.0 1.0 (+ 5%) -12.0 0.0 0.5 (+ 5%) 
Over-Voltage Limits: 
+5 VOC 6.2 VDC 5.6 VDOC 
+12 VDC 13.0 VDC 13.0 VDC 
-5 VOC -5.6 VDC -5.6 VDC 
-12 VDC -13.0 VDC -13.0 VDC 
Maximum Ripple/Output 50 mV RMS 50 mV RMS 7 


Notes: 3. Abs. Max = Absolute maximum current. The peak output power may be used on a 5-percent duty cycle, not 
to exceed 30-seconds continuous operation. 
4. The maximum +5-VDC current is 20 amperes for the 12-MHz COMPAQ DESKPRO 286 Personal Computer. 
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Table 9-2. COMPAQ PORTABLE 286 Expansion Bus Slot Power Allocation 


Per Slot Total (All Slots) 
+5 Vdc +12 Vdc -12 Vde = -5 Vde +5 Vdc +12 Vdc -12 Vdc -5 Vdc 
Configuration 1 3 A 1A 0.3 A 0.2 A 7A 2 A 0.3 A 0.2 A 
Configuration 2 3 A 1A 0.3 A 0.2 A 6A 1A 0.3 A 0.2 A 
Configuration 3 3 A 1A 0.3 A 0.2 A 6A 1A 0.3 A 0.2 A 


Notes: 1. The amperage values given are the absolute maximum values. 
2. Configuration 1 = unit with 1.2-megabyte diskette drive and 256 Kbytes RAM 
Configuration 2 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, and 20-megabyte fixed disk drive 
Configuration 3 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, 20-megabyte fixed disk drive, 
and fixed disk drive backup. 


a a a SE SS SES ESSE 


Table 9-3. 8-MHz COMPAQ DESKPRO 286 Expansion Bus Slot Power Allocation 


Per Slot Total (All Slots) 
+5 Vdc +12 Vdc -12 Vdc -5 Vdc +5 Vdc +12 Vdc(main) -12 Vde -5 Vde 
Configuration 1 3 A 1A 0.3 A 0.2 A 8A 2A 0.3 A 0.2 A 
Configuration 2 3 A 1A 0.3 A 0.2 A 7 A 2 A 0.3 A 0.2 A 
Configuration 3 3 A 1A 0.3 A 0.2 A 7A 1A 0.3 A 0.2 A 


Notes: 1. The amperage values given are the absolute maximum values. 
2. Configuration 1 = unit with 1.2-megabyte diskette drive and 256 Kbytes RAM 
Configuration 2 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, and 20-megabyte fixed disk drive 
Configuration 3 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, 40-megabyte fixed disk drive, 
and fixed disk drive backup. 
3. All Configurations are assumed to be using the COMPAQ keyboard and COMPAQ Dual-Mode Monitor. 
4. +12 Vdc (Aux) is available only on system board connectors J109 and J110, supplies a maximum of 4 A, and 


is reserved for fixed disk drives or a fixed disk drive backup only. 


Power Supply 9-7 


Table 9-4, 12-MHz COMPAQ DESKPRO 286 Expansion Bus Slot Power Allocation 


Per Slot Total (All Slots) 
+5 Vdc +12 Vdc -12 Vde -5 Vdc +5 Vdc +12 Vdc(main) -12 Vde -5 Vde 
Configuration 1 3 A 1A 0.3 A 0.2 A 8 A 2 A 0.3 A 0.2 A 
Configuration 2 3 A 1A 0.3 A 0.2 A 7 A 2A 0.3 A 0.2 A 
Configuration 3 3 A 1A 0.3 A 0.2 A 7 A LA 0.3 A 0.2 A 


Notes: 1. The amperage values given are the absolute maximum values. 

2. Configuration 1 = unit with 1.2-megabyte diskette drive and 256 Kbytes RAM 
Configuration 2 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, and 20-megabyte fixed disk drive 
Configuration 3 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, 40-megabyte fixed disk drive, 
and fixed disk drive backup. 

3. All Configurations are assumed to be using the COMPAQ keyboard and COMPAQ Dual-Mode Monitor. 

4, +12 Vdc (Aux) is available only on system board connectors J109 and J110, supplies a maximum of 4 A, and 
is reserved for fixed disk drives or a fixed disk drive backup only. 
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9.4 CONNECTORS 


Table 9-5 describes the power supply signals. Figures 9-4 and 9-5 show the voltages or signals provided by the 
power supply to the system board. 


Table 9-5. Power Supply Connector to the System Boards 


COMPAQ PORTABLE 286 COMPAQ DESKPRO 286 


Signal Pin Pin I/0_ Description 

+5VRST 1 1 0 The +5VRST signal is regulated from the +15 Vdc line. This 
(Note 1) signal ranges from +4.8 Vdc to +5.2 Vdc 

PWRGOOD 2 2 0 The PWRGOOD signal is controlled by the low voltage monitor 


and the missing cycle detector circuits. When all outputs 
are above the minimum values (see specifications), and there 
is no fault, the PWRGOOD signal is TTL high (+3.5 to 

+5.25 Vdc). If a low voltage condition is detected, the 
PWRGOOD signal is pulled low (less than 0.4 Vdc) 


+5 Vde 4,5,6 11,12,13 0 +5.0 Vdc 


+5V5 7 14 ] The +5VS signal provides feedback from the system board. 
The power supply shuts down if the +5VS signal is 


interrupted or disconnected 


Ground 8,9,10,11,12 6,7,8,9,19,20 Signal Ground 

-5 Vde 13 10 0 -5 Vdc 

-12 Vdc 14 5 0 -12 Vdc 

+12MF 15,16 N/A Q +12 Vdc for everything except monitor 

+12MON 17 N/A Q +12 Vdc for internal monitor 

+12VMAIN N/A 15,18 QO +12 Vde for Jill and J112 (Diskette drives A and B), J113 
(COMPAQ Dual-Mode Monitor power), and expansion bus slots 

+12VAUX N/A 16,17 QO +12 Vde for J109 and J110 (Fixed Disk Drive C and Fixed Disk 
Drive Backup) 

No Connection - 3,4 at 


Note: There is no connection to this pin_on the COMPAQ DESKPRO 286 with the 12-MHz system board. 


monn Oph whnrds - 


Note: The maximum current for a single conductor (pin) 
must not exceed 5.0 A per line for +5 Vdc or 
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COMPAQ PORTABLE 286 Power Supply 
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Chapter 10 
DISKETTE DRIVES 


10.1 INTRODUCTION 


The COMPAQ PORTABLE 286® and the COMPAQ DESKPRO 286® 
Personal Computer use 5.25-inch diskette drives, 
capable of storing either 1.2 megabytes or 360 
kilobytes (Kbytes) of data. 


The 12-MHz DESKPRO 286 also supports the 3.5-inch 
1.44-Mbyte Diskette Drive; this device requires MS- 
DOS Version 3.3, as published by Compaq Computer 
Corporation, as an operating system. 


A diskette drive has a diskette drive logic board 
that controls the diskette drive motor speed, read 
and write circuits, and other electronic circuits. 
The diskette drive logic board is mounted on the 
diskette drive. It connects to the: 


= Ceramic heads, which read and write data to the 
diskettes 


= Index sensor 


Door-closed sensor 
= Write-protect sensor 
= Stepper motor, which steps the heads back and forth 


= Track-zero sensor 


Diskette controller (multipurpose controller board 
or multipurpose fixed disk controller board [12- 
MHz COMPAQ DESKPRO 286 only] ) 


10-1 


Various diskette drive logic boards use different 
connectors and pin arrangements foer the internal 
drive functions. The connections to the multipurpose 
controller board or multipurpose fixed disk drive 
controller board and the DC power source remain the 
same. 


A diskette drive has a main chassis, on which are 
mounted the diskette drive motor, stepper motor, 
head-carriage assembly, spindle, and diskette drive 
logic board. The left and right diskette guides, the 
front bezel, and the front-door mechanism are also 
mounted on the chassis. 


Figure 10-1 shows a typical diskette drive chassis. 


Figure 10-1. Typical Diskette Drive Chassis 
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Figure 10-2 is a functional block diagram for a 
diskette drive. 


Diskette/Tape Controller 
Board Interface 


Power Input 
(To All Circuits) 


Motor 


Read Circuits 


Write Circuits 


Control 


Circuit Control 
hie Logic Write—Protect 
Sensor 
Drive Head 
Motor Stepper 


Motor 


Read/Write 
Index Head 


LED Track O 
Sensor Sensor 
Activity 
LED 


Figure 10-2. Diskette Drive Functional Block Diagram 


10.2 FUNCTIONAL DESCRIPTION 


The DESKPRO 286 allows the use of multiple diskette 
drives, which are connected in a daisy-chained manner 
(one after another on the same cable) from a single 
controller. The drives have four jumpers, only one 
of which is installed, corresponding to the 
individual drive select signals in the cable. 


The 1.44-MB, the 1.2-MB, and the 360-KB capacity 
diskette drives are configured identically; that is, 
they are jumpered for the second physical diskette 
drive position and respond to the DRIVE 2 SELECT- 
Signal. The drive is put in this configuration by 
installing jumper DS1 and removing jumpers DSO, DS2, 
and DS3. 


However, it is the drive placement on the cable that 
determines which one becomes drive A. The controller 
cable has two diskette drive connectors, one for 
drive A, the other for drive B. A third connector is 
for the fixed disk drive backup (tape) device. Any 
diskette drive configured as described above and 
plugged into the drive A connector becomes drive A; 
likewise, a drive plugged into the drive B connector 
becomes drive B. The drive A connector is positioned 
between a pair of cable conductor twists. This pair 
of cable twists allows two drives that are configured 
identically to be accessed independently. The drive 
B connector and 40 megabyte tape backup connector is 
on the untwisted portion of the cable. 


The 1.44-MB drive is only supported as drive B. 


The cable termination resistor pack should be 
installed in drive A, regardless of drive capacity. 
There should be no termination on drive B for 
1.2-MB and 360-KB diskette drives. 


1.2-MB Diskette Drive 


The 1.2-MB diskette drive is a high-capacity diskette 
drive with the following features: 


# Half-height, 5.25-inch diskette drive 


= Two transfer rates--300 kb/s (low density) or 
500 kb/s (high density) 


= Data storage on 80 tracks (96 TPI) 


To read or write to 48-TPI media, the software must 
step the 96-TPI drive head twice between each 48-TPI 
track. Because the track width of the 96-TPI 
diskette drive is approximately half the track width 
of the 48-TPI diskette drive, standard 48-TPI 
diskette drives may not be able to read diskettes 
written by the 96-TPI drive in the 48-TPI format. 
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360-KB Diskette Drive (Optional) 


The 360-KB diskette drive has the following features: 
™ Half-height, 5.25-inch diskette drive 


™ Double-sided, double-density (DSDD) 40 tracks (48 
TPI) 


m Single transfer rate of 250 kb/s 


1.44-MB Diskette Drive (Optional) 


The 1.44-MB diskette drive is a high-capacity 
diskette drive with the following features: 


= Half-height, 3.5-inch diskette drive 


=" Two transfer rates--250 kb/s (low density) or 
500 kb/s (high density) 


= Data storage on 80 tracks (135 TPI) 


= Write and read compatible with low density (720 KB) 
3.5-inch media. 


The 3.5-inch drive is configured in a 5.25-inch, 
half-height adapter frame for ease of mounting in the 
system. 
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10.3 SPECIFICATIONS 


Table 10-1 lists the physical and electrical specifications for the 1.2-MB, 360-KB, and the 1.44-MB diskette 
drives. 


Table 10-1. 1.2-MB, 360-KB, and 1.44-MB Diskette Drive Physical and Electrical specifications 
1.44-MB Diskette 


1.2-MB Diskette 360-KB Diskette Drive 
Drive Drive (Excluding 5.25 Adapters) 
Drive Type YA 1 4 
Size: 
Width 5.8 in. (146 mn) 5.8 in. (146 mm) 4.0 in. (102 mn) 
Height 1.6 in. (41 mn) 1.6 in. (41 mm) 1.0 in. (25 mn) 
Depth 8.0 in. (203 mm) 8.0 in. (203 mm) 6.056 in. (154 mn) 
Capacity: 
Unformatted 1,600,000 bytes 500,000 bytes 2,000,000 bytes 
Formatted 1,228,800 bytes 368,640 bytes 1,474,560 bytes 
Flux reversal 9875 FRPI 5876 FRPI 17,434 FRPI 
density (Track 79) (Track 39) (Track 79) 
Data-transfer 
rate high/low density 500/300 kb/s 250 kb/s 500/250 kb/s 
Sectors/track 
high/low density 15/9 g 18/9 
Bytes/sector 512 512 512 
Seek time: 
Track-to-track 3 ms 6 ms 3 ms 
Average 79 ms 80 ms 80 ms 
Settling time 15 ms 15 ms 15 ms 
Rotational Speed 360 RPM +1.0% 300 RPM +1.5% 300 RPM +1.0% 


Motor Start Time 500 ms 500 ms 700 ms 


10.4 CONNECTORS 


A diskette drive has two connectors: control and 
power. Table 10-2 lists the diskette drive control 
signals. 


Table 10-2. Diskette Drive Control Signals 


Signal Pin I/0 Description 

LOW DENSITY- 2 I When using high-capacity 
drives, this signal selects 
High or Low mode (See Note) 

DIRECTION- 18 I Selects the direction in which 
to move the head when a step 
pulse is issued 

DISKETTE 34 0 Indicates to diskette drive 

CHANGE- controller that the drive door 
has been opened (and possibly 
different media installed) 


(See Note) 
DRIVE 2 12 I Allows the selection of a 
SELECT- diskette drive so that it 
can respond to the interface 
signals 


Notes: 1. The LOW DENSITY- and DISKETTE CHANGE- 
Signals are not used on a 360-KB (48-TPI) 
diskette drive. 


2. All odd pin numbers are ground. 
(Continued) 
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Table 10-2. (Continued) 


Signal Pin I/0 Description 

INDEX- 8 Q Indicates to the diskette 
drive controller that the 
media index hole is under the 
index sensor 

MOTOR 2 ON- 16 #=#d.YI = Activates the drive motor 

READ DATA- 30 0 - The data-stream read 
from the diskette containing 
CLOCK and DATA signals 

SIDE SELECT- 32 1 Selects side 0 (Head 0) or 


side 1 (Head 1) 


STEP- 20 I Tells the diskette drive to 
step the heads one track 
TRACK 00- 26 O- Indicates to the diskette 


drive controller that the 
heads are at Track 0 

WRITE DATA- 22 #JI_ This stream of data is written 
to the diskette when WRITE 
GATE- is enabled 

WRITE GATE- 24 I Enables the diskette drive 
write circuits so data from 
the WRITE DATA- signal are 


written 
WRITE 28 O- Indicates to the diskette 
PROTECT- drive controller that the 


media is write protected 
Notes: 1. The LOW DENSITY- and DISKETTE CHANGE- 
signals are not used on a 360-KB (48-TPI) 
diskette drive. 


2. All odd pin numbers are ground. 
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Figures 10-3 and 10-4, respectively, show the pinouts 
of the diskette drive control] and power connectors. 


Signal 


GROUND 


Notes: 1. Not applicable on 360-KB diskette drives. 
2. DRIVE 2 SELECT- and MOTOR 2 ON- are the 
signals supplied by the multipurpose fixed 
disk drive controller (MFDDC) board for 
Diskette Drive 1 (A), the signals from the 
MFDDC are DRIVE 1 SELECT- and MOTOR 1 ON-. 


Figure 10-3. 


Pin Pin = Signal 
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5 6 NOT USED (NOTE 1) 

7 8 INDEX— 

9 10 NOT USED 

1 12 DRIVE 2 SELECT— (NOTE 2) 
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Lies, 16 MOTOR 2 ON-— (NOTE 2) 
17 18 DIRECTION — 

19 20° <SIEP= 

21 22 WRITE DATA-— 

23 24 WRITE GATE- 

25 26 TRACK OO — 

27 28 WRITE PROTECT— 

29 30 READ DATA-— 

31 32 SIDE SELECT— 

33 34 DISKETTE CHANGE— (NOTE 1) 


Lo Edge Connector 


Diskette Drive Control Connector 


Pin 
O|| 1 
Oj; 2 
O|| 3 
Oj}; 4 
Figure 10-4. 
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Chapter 11 
FIXED DISK DRIVES 


11.1 INTRODUCTION 


COMPAQ® 80286-based computer products use fixed disk 
drives that are compatible with either the ST506 or 
ESDI standard interface or the COMPAQ 16-bit custom 
interface. These interfaces specify connector 
pinouts, signal definitions, and signal types for 
fixed disk drives. 


Fixed disk drives available for these systems include 
20- and 40-megabyte versions with the COMPAQ 16-Bit 
custom interface and 20-, 30-, and 70-megabyte 
versions with the ST506 standard interface. The 130- 
megabyte fixed disk drive comes with its own ESDI 
controller board. This drive is supported only on 
the 12-MHz DESKPRO 286 among the 80286-based 
products. 


Fixed disk drives: 


= Are sealed units. The media (disk surfaces) are 
not removable. 


™ Rotate the media at 3600 RPM 


= Have a much higher data-transfer rate and faster 
access time than diskette drives. 


All fixed disk drives have the same general 
components: 


= A sealed head-disk assembly containing the disk 
platters, heads, and drive motor 


® A drive-logic circuit board that controls the fixed 
disk drive's motors and the read and write 
electronics 


Some fixed disk drives have the controller 
electronics integrated with the drive electronics 
(COMPAQ 16-bit interface). These drives require only 
a host adapter to the system bus as opposed to the 
separate controller required by the ST506 or ESDI 
interfaces. 
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Figure 11-1 shows the functional block diagram for a 
fixed disk drive. 
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Figure 11-1. Fixed Disk Drive Functional Block 
Diagram 


11.2 CONFIGURATION 


A fixed disk drive controller is I/0 mapped into 
specific I/0 addresses. Generally, a jumper on the 
fixed disk drive controller specifies the base I/0 
address for that controller. 


The fixed disk drive controller responds to commands 
given to it, and takes control of the system as 
needed to transfer information. 


Two fixed disk drive controllers cannot occupy the 
same I/0 address without causing bus contention and 
possibly damaging the system. 


The COMPAQ 80286-based computer products may have 10 
different fixed disk drive configurations. The nine 
possible configurations are: 


= One or two 5.25 40-megabyte, COMPAQ Interface 
= One or two 3.50° 40-megabyte, COMPAQ Interface 
= One or two 3.50" 20-megabyte, COMPAQ Interface 
m One 5.25 70-megabyte, $7506 Interface 

™ One 5.25° 30-megabyte, $T506 Interface 

™ One 5.25' 20-megabyte, $1506 Interface 

=" One 5.25° 130-megabyte, ESDI 


ST506 fixed disk drives should have their drive 
select jumpers set to DS1. The COMPAQ Dual Fixed 
Disk Drive Control Cable automatically selects the 
second fixed disk drive. Refer to Chapter 5 in this 
guide for information on setting the correct jumper 
settings required for a particular fixed disk drive 
configuration. 


ST506 fixed disk drives require that a terminating 
resistor pack be installed only on the last fixed 
disk drive on the control cable. Fixed disk drives 
with the COMPAQ 16-Bit interface do not require a 
terminating resistor pack at the drive. 


COMPAQ 16-bit fixed disk drives are configured for 
single or dual-mode according to the jumper settings 
in Table ll1-l. 


Table ll-1l. 
Jumper 
Drive 1 

EP bo 


E7,E6 


J3 IN:C 
installed 
J3 IN:C 
installed 
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Addendum 114271-001 (12-88) 
To Manual No. 102789-001 


Fixed Disk Drive Jumper Settings 


Drive 2 
N/A 


E6 


N/A 


Ji IN:C 
removed 


Function 


One 3.5-inch 20- or 
40-megabyte drive 

Two 3.5-inch 20- or 
40-megabyte drives 

One 5.25-inch 40-megabyte 
drive 

Two 5.25-inch 40-megabyte 
drives 
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Addendum 114271-001 (12-88) 
To Manual No. 102789-001 


11.3 SPECIFICATIONS 


Table 11-2. Fixed Disk Drive Physical and Electrica] Specifications 


3.5-inch Drives 5.25-inch Drives 
2OMB 40MB 20MB 30MB 70MB 40MB 130MB 

Capacity (megabyte): 

Unformatted 26.69 93:.06 25.62 36.32 86./8 31:08 161.8 

Formatted 21.41 42.65 21.41 3033 72.46 42.65 134.5 
Drive type* 2 17/43** 2 6 2 17 25/35 
Data transfer rate (mb/s) 8.0 8.0 5.0 5.0 5.0 5.0 10.0 
Rotational speed (RPM) 3600 3600 3600 3600 3600 3600 3600 
Number of heads (logical) 4 5/4 4 5 9g 5 16 
Number of heads (physical) 2 4 4 5 fe) 5 8 
Average Access Time (ms) 29 29 105 40 29 29 20 
Number of cylinders 
(logical) 615 980/805 615 697 925 980 966 
Physical sectors/track 26 26 17 17 17 17 34 + 1 (spare) 
Logical sectors/track 17 17/26 17 17 17 17 17/34 
Write precompensation 
cylinder 128 128 128 128 128 128 Not Used 
Landing zone cylinder 638 980/805 638 696 924 980 966 
Size: 

Width (in. (mm)) 4.1 (104) 4.1 (104) 5.8 (146) 5.8 (146) 5.8 (146) 5.8 (146) 5.75 (146) 

Height (in. (mm)) 1.7 (43) 1.7 (43) 1.7 (43) 3.4 (43) 3.4 (86) 1.7 (43) 3.25 (83) 

Depth (in. (mm)) 5.8 (146) 5.8 (146) 8.0 (203) 8.0 (203) 8.0 (203) 8.8 (223) 8.0 (203) 
Weight (1b (kg)) 1.8 (0.8) 1.8 (0.8) 3.5 (1.6) 7.5 (3.4) 8.0 (3.6) 4.2 (1.9) 8.0 (3.6) 
Number of ECC bytes 4 4 4 4 4 4 7 
Interface COMPAQ 16 COMPAQ 16 ST506 $T506 ST506 COMPAQ 16 ESDI 


* 


Used in SETUP program. 


** Requires system ROM revision F. 


11.4 ST506 INTERFACE 
CONNECTORS 


The fixed disk drive controller board with S$T506 
standard interface connects to the fixed disk drive 
via two cables: the control cable and the data 
cable. The contro] cable connects in a daisy-chain 
manner to all the fixed disk drives in the system. 
A separate data cable connects the fixed disk drive 
controller to each fixed disk drive. 


Tables 11-3 and 11-4 list the fixed disk drive 
connector signals. Figures 11-2 through 11-4 show 
the connectors. 


See Section 11.6 for information on the 130-MB Fixed 
Disk Drive and its ESDI controller board. 


Fixed Disk Drives 11-5 


Addendum 114271-001 (12-88) 
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Table 11-3. Fixed Disk Drive Control Cable Signals 


Signal Pin I/0 Description 
DIRECTION IN- 34 I Defines the direction of 


motion of the heads when 
the fixed disk drive is 
executing a seek. 

DRIVE SELECT 1- 26 I Indicates that Fixed Disk 
Drive 1 is to respond to 
the control signals on the 
fixed disk drive control. 
bus. 

DRIVE SELECT 2- 28 I Indicates that Fixed Disk 
Drive 2 is to respond to 
the contro] signals on the 
fixed disk drive control 


bus. 
GROUND Al] Signal ground 
Odd 
No. 
Pins 


HEAD SELECT 2 - 14 I First and least-signi- 


ficant bit of the binary- 
coded head-select address. 


oe ee ae ae eae ae a 

HEAD SELECT 2°- 18 I Second bit of the binary- 
coded head-select address. 

HEAD SELECT 2-- 4 I Third bit of the binary- 
coded head-select address. 

INDEX- 20 O Indicates the beginning of 
a track. 


(Continued) 
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Table 11-3. (Continued) 
Signa] Pin 
REDUCED WRITE 2 
CURRENT-/ 3 

HEAD SELECT 2° - 

READY - 22 


1/0 Description 


Functions as the reduced 
write current.,signal or a 
head-select 2° bit. The 
control bit for this 
selection is in the fixed 
disk drive control 
register. In the reduced 
write current mode, this 
line, in conjunction with 
the WRITE GATE- signal, 
reduces the magnitude of 
the write current for 
writing on inner-disk 
cylinders. In the head- 
select mode, this pin is 
the fourth and most- 
significant bit of the 
head-select binary code. 
When active with 

SEEK COMPLETE-, READY- 
indicates that the fixed 
disk drive is ready to 
perform a read, write, 

or seek command. 


(Continued) 


Table 11-3. (Continued) 

Signal Name Pin I/0 

Reserved 16,30, -- 
32 = 


SEEK COMPLETE- 8 0 


Signal Description 


Indicates that the heads 
have settled on the speci- 
fied track at the end of 


a track seek operation. 


STEP 24 I 
TRACK 000- 10 ) 
WRITE FAULT- 12 0 
WRITE GATE- 6 I 


This signal causes the 
heads to move one track in 
the direction defined by 
the DIRECTION IN- signal. 
Indicates that the heads 
are on track zero (000). 
Indicates that a condition 
exists that may cause 
improper writing on the 
fixed disk and that 
writing is, therefore, 
inhibited. 

When active, allows data 
on the data cable +MFM 
WRITE DATA signal to be 
written on the fixed disk. 


Note: All odd-numbered pins are Signal Ground. 


Table 11-4. Fixed Disk Drive Data Cable Signals 

Signal Name Pin I/0 Signal Description 

DRIVE SELECTED- 1 Q When active, the fixed 
drive is selected and 
is responding to the 
control bus. 

GROUND 2,4, -- Signal Ground 

6,8, 

11,12, 
15,16, 
19,20, 

+MFM WRITE DATA 13 I MFM-encoded write data 
to be written to the 
fixed disk. 

-MFM WRITE DATA 14 I MFM-encoded write data 
to be written to the 
fixed disk. 

+MFM READ DATA 17 Q MFM-encoded read data 
from the fixed disk. 

-MFM READ DATA 18 QO MFM-encoded read data 
from the fixed disk. 

Reserved 3,5,7 -- 

spare 9,10 -- 


Signal Pin Pin 


1 2 
3 4 
5 6 
7 8 
S) 10 
1 12 
13 14 
1S 16 
GROUND 17 18 
19 20 
21 22 
23 24 
25 26 
27 28 
29 30 
51 52 
53 34 


\ 


Figure 11-2. 


Fixed Disk Drives 


Signal 

RWC— or HEAD SELECT 29 
HEAD SELECT 22— 
WRITE GATE-— 
SEEK COMPLETE-— 
TRACK OOO- 
WRITE FAULT— 
HEAD SELECT 29 
Reserved 

HEAD SELECT 2!- 
INDEX— 

READY— 

STEP— 

DRIVE SELECT 1-— 
DRIVE SELECT O- 
Reserved 

Reserved 
DIRECTION IN-— 


Card Edge Connector 


Fixed Disk Drive Control Cable 


Connector (ST506) 
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Signal Pin 
DRIVE SELECTED— 1 
Reserved > 
Reserved ) 
Reserved 7 
Spare 9 


SIGNAL GROUND 1 
+MFM WRITE DATA 13 
SIGNAL GROUND {5 
+MFM READ DATA 17 
SIGNAL GROUND 19 


Pin 


20 


Signal 


SIGNAL GROUND 
SIGNAL GROUND 
SIGNAL GROUND 
SIGNAL GROUND 
Spare 

SIGNAL GROUND 
—MFM WRITE DATA 
SIGNAL GROUND 
—MFM READ DATA 
SIGNAL GROUND 


ee Edge Connector 


Figure 11-3. Fixed Disk Drive Data Cable Connector 


(ST506) 


Pin Signal 
Oj} 1 +12 Vde 
O]}| 2 Ground (+12 Vdc Return) 
O|] 3 Ground (+5 Vdc Return) 
O};} 4 +5 Vde 


Figure 11-4. Fixed Disk Drive Power Cable Connector 


Fixed Disk Drives 


11.5 COMPAQ 16-BIT INTERFACE CONNECTORS 


11-9 


The fixed disk drives with the COMPAQ 16-bit interface connector use a single 40-pin connector, which is defined in 
Table 11-5. The interface cable is capable of being connected in a daisy-chain configuration to control up to two 


fixed disk drives... See Section 11.6 for information on the 130-MB Fixed Disk Drive. 


Table 11-5. COMPAQ 16-Bit Interface Connector 


Pin Pin 

Name Number 1/0 Signal Name Signal Description 

HRST- 1 I] Host reset Reset signal from the host system that is active during 
power-on and inactive thereafter. 

HDO 17 1/0 Host data bus 16-bit bidirectional data bus between the host and the fixed 

HD1 15 disk drives used for register and ECC byte access. All bits 

HD2 13 are used for data word transfers. 

HD3 11 

HD4 9 

HD5 7 

HD6 5 

HD7 3 

HD8 4 

HD9 6 

HD10 8 

HD11 10 

HD12 12 

HD13 14 

HD14 16 

HD15 18 

HIOW- 23 ] Host I/0 write Write strobe, the rising edge of which clocks data from the 


host data bus, HDO through HD15, into a register or the data 


port of the drive. 
(Continued) 
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Table 11-5. (Continued) 


Pin Pin 

Name Number 1/0 Signal Name Signal Description 

HIOR- 25 I Host I/0 read Read strobe, the falling edge of which enables data from a 
register or the data port of the drive onto the host data bus, 
HDO through HD15. The rising edge of HIOR- latches data at 
the host. 

HALE 28 I Host address Address valid indication from the host system. The host 

latch enable address and chip selects, HAO through HA2, HCSO-, and HCS1-, 


are guaranteed valid on the falling edge of this signal. The 
address and chip select signals are held valid after the HALE 
falling edge by the host system; therefore, the drive need not 


latch these signals with HALE. 
HIRQ 3k 0 Host interrupt Interrupt to the host system, activated only when the drive 


request CPU has a pending interrupt, the drive is selected, and the 
host activates the IEN- bit in the digital output register. 
When the IEN- bit is inactive, or the drive is not selected, 
this output is in a high-impedance state, regardless of the 


presence or absence of a pending interrupt. 


HI016 32 0 Host 16-bit Indication to the host system that the 16-bit data port has 
1/0 been addressed and that the drive is prepared to send or 
receive a 16-bit data word. This must be an open-collector 
output. 
HAO 35 I Host address 3-bit binary-coded address supplied by the host when 
bus accessing a register or the data base port in the drive. 
PDIAG- 34 1/0 Passed Output by the drive if it is jumpered in the slave mode, and 
diagnostic input to the drive if jumpered in the master mode. The 


signal indicates to a master that the slave has passed its 
internal diagnostic command. The master drive determines the 
state of this pin and returns the slave diagnostic status to 
the host with its own. 

(Continued) 
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Table 11-5. (Continued) 


Pin Pin 

Name Number 1/0 Signal Name Signal Descripti‘on 

HCSO- 37 ] Host chip Chip select decoded from the host address bus. Used to 
select 0 select some of the host accessible registers. 

HCS1- 38 ] Host chip Chip select decoded from the host address bus. Used to 
select 1 select some of the host-accessible registers. 

DASP- 39 1/0 Drive active/ Time-multiplexed signal that indicates drive active or 
slave present slave present. When the drive is executing a diagnostic 


command, this line is an output from a slave drive, and and 
input to a master drive indicating that a slave drive is 
present. At all times other than during diagnostics, this 
line is an output from both master and slave drives which is 
active when the drive is selected and being accessed (BSY is 
active), and is used to drive an activity LED indicator. 
This signal must_be an open-collector output. 
GND 2 - Ground Signal ground returns for the interface lines. 
19 
22 


RSVD 21 = Reserved pins. 


KEY 20 - Pin used for keying the interface connector. 
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11.6 130-MB FIXED DISK DRIVE Figure 11-5 shows the 130-MB fixed disk drive: 
SYSTEM 


The 130-MB fixed disk drive system provides 130 MB of 
data storage on a full-height, fixed disk drive. 
This system: 


eB Uses an ESDI-type fixed disk drive controller in a 
16-bit expansion slot on the system board 
(typically slot 6). 


@ Provides a data-transfer rate of 10 Mb/s. 


130-MB Fixed Disk Drive 


The 130-MB fixed disk drive is a high-capacity, high- 
speed, full-height, ESDI-compatible fixed disk drive. 130—MB Fixed Disk Drive 


It is supported on the 12-MHz DESKPRO 286. Figure 11-5. 130-MB Fixed Disk Drive 


Figure 11-6 shows the functional block diagram for 
the 130-MB fixed disk drive. 


Fixed Disk 
Drive Controller 
Data Interface 


Fixed Disk 


Drive Controller 
Control Interface 


Read 
Circuits 


Write 
Circults 


Read /Write 
Head 


Motor Control 
Control Logic 
Circuit 


Head 
Drive Actuator 
Motor Motor 
Index Track O 
Sensor Sensor 


Activity 


LED 
Indicator 


Figure 11-6. 130-MB Fixed Disk Drive 
Functional Block Diagram 
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Logical Configuration 


The 130-MB fixed disk drive has an ESDI interface and 
contains circuitry normally found on a fixed disk 
drive controller. 


Most fixed disk drives contain 17 sectors of data per 
track. The 130-MB fixed disk drive has 35 sectors 
per track. One of these sectors is reserved for 
error management--when a sector is detected as bad, 
the diagnostic software reassigns the reserved sector 
to replace the bad sector. 


Because some operating systems are not adapted to a 
34-sector arrangement, the 130-MB fixed disk drive 
system has a Translate mode to rearrange the logical 
configuration of the drive. In the Translate mode, 
as drive type 25, the drive appears to have 17 
sectors per track instead of 34 and 16 heads instead 
of 8. 


The 130-MB fixed disk drive can be used as drive type 
35, which operates in the non-Translate mode. Using 
the drive in this mode may allow improved performance 
in some applications. For DOS systems to use drive 
type 35, the DOS must be Version 3.2 or later. 
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Configuring the 130-MB Fixed Disk 
Drive System 


The fixed disk drive should have its drive-select 
jumpers set to DS1. A terminating resistor pack is 
installed on the fixed disk drive of a single fixed 
disk drive system, which is all that is allowed. 


Figure 11-7 shows an interconnection diagram for the 
130-MB fixed disk drive system. 


Control 


ESDI Fixed Disk Drive 
Controller Board 


130-—MB Drive 


Figure 11-7. 130-MB Fixed Disk Drive System 
Interconnection Diagram 


Jumpers 


Table 11-6 describes the fixed disk drive controller 
jumpers. 


Table 11-6. Fixed Disk Drive Controller Jumpers 

Jumper Function 

W3 Fixed Disk Drive Base Address Select. This 
address selection is available only for 
special circumstances and under normal 
circumstances should never be changed. 


W3,2-3 Standard Address Select 
(1FOh, standard setting) 

W3,1-2 Alternate Address Select 
(170h) 

W2 Translate or non-Translate Mode Select. The 
absence of this jumper allows the mode to be 
software programmable. The presence of this 
jumper forces the controller into 
non-Translate mode. 


In the Translate mode, the fixed disk drive 
controller changes the logical arrangement of data on 
the fixed disk drive, so that the fixed disk drive 
appears to have 17 sectors per track and 16 heads. 


The controller jumpers are shown in Figure 11-8. 


Jumper W3 
Control Cable Connector 


Data Cable Connector 


ma ep eo 
es ee ee 0 
Go a ee ae So 
a ai Pt rg 
| ee 


Jumper W2 


Figure 11-8. ESDI Fixed Disk Drive Controller Board 
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ESDI Fixed Disk Drive Controller 


The ESDI fixed disk drive controller is compatible 
with the ESDI standard that specifies signal, 
connectors, and command protocols. 


The ESDI controller: 


= Provides for the control of the 130-MB fixed disk 
drive 


= Plugs directly into a 16-bit expansion slot 


= Incorporates a 56-bit error correction code (ECC) 
polynomial for error detection and correction 


= Has on-board diagnostics 
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Figure 11-9 shows the functional block diagram for ESDI Controller Commands 
the ESDI controller. 


Address Bus ) 


The ESDI controller is compatible with all software 
written for the ST506-compatible fixed disk drive 
controller. 


Bus Bus 


Interface Isolation 
plow 
DIOR— Logic and 
IRQI4 and pane The ESDI controller supports all the commands listed 
pnts reel 8 (6) 16—bit : 
Date Bus (16-bit) _) Heesds Odnvarvier in Chapter 6, Fixed Disk Drive Controller Board 


For the ESDI controller, the Write Precompensation 
Cylinder register (1/0 address 1Flh) is reserved. 
Write precompensation is not programmable on ESDI 
drives. 


8-blIt Data Bus 


Control 
Microprocessor 


Status, 
Drive State, 
Drive Select, 
Digital Output 
Registers 


For the Seek and Recalibrate commands, the step rate 
codes are ignored on the 130-MB controller. 


Sector 
Buffer 
and 

Address 
Counter 


Control 
Circuit 


ESDI Interface 
Drivers and 
Recelvers 


Figure 11-9. ESDI Fixed Disk Drive Controller 
Functional Block Diagram 
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Connectors Table 11-7. (Continued) 
Pin 
Table 11-7 describes the 34-pin control cable (See 
aor Signal Note) I/0 Description 
t t d t . All 1/0 
connector pinouts and signal] descriptions. A / ATTENTION 2 Signal Frew tho aire 


designations are with respect to the drive. indicating the drive 


wants the controller 


Table 11-7. 34-Pin Control Cable Connector Signal to request its status. 
| Descriptions SECTOR- 16 Q Indicates the beginning 
Pin . of a sector. 
(See INDEX- 20 Q Indicates the beginning 
Signal Note) 1/0 Description of a track 
3 READY - 22 Q Signal indicates only 
HEAD SELECT 2,- 2 I Lines that allow that the spindle is up 
en 4 selecting individual Si a a Ss 
ae 14 read/write heads in a TRANSFER REQ- 24 ] Line from the 
1 controller requesting 
(i 18 binary code sequence. that one bike oF daké 
WRITE GATE- 6 I Allows data to be sent between the 
be written on the drive and the 
Se ee ee SKS controller. All 
CONFIG/STATUS DATA- 8 0 ODrive presents serial transfers handshake 
data on this line upon with TRANSFER REQ- and 
request from the TRANSFER ACK-. 
eee eee eee 951 DRIVE SELECT 1- 26 I These bits provide 
TRANSFER ACK- 10 0 Line from the drive DRIVE SELECT 2- 28 I the binary-coded drive 
indicating that a select address. 
transfer request has READ GATE- 32 I Signal allows data to 
been acknowledged and be read from the disk. 
valid data COMMAND DATA. ~+~«<34.~=«~S«SWhen a command is 


transferred. Al] 


transfers handshake issued, 16 information 


. bits of serial data, 
with TRANSFER REQ- and plus parity, are sent 


TRANSFER ACK= to the drive on this 
(Continued) line. 


RESERVED 30 
Note: _All_odd_ numbered pins are ground. 
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Table 11-8 describes the 20-pin data cable connector 
pinouts and signal descriptions. All I/0 
designations are with respect to the drive. 


Table 11-8. 20-Pin Data Cable Connector Description 

Signal Pin I/0 Description 

DRIVE SELECTED- 1 O A status line provided 
to inform the 
controller system of 
the selection status of 


the drive. 
SECTOR- 2 0 Indicates the beginning 


of a sector. 


COMMAND COMPLETE- 3 O A status line that 
indicates command 
completion to 


the controller. 


ADDRESS MARK ENABLE- 4 O The trailing edge of 


this signal with the 

WRITE GATE- asserted 

initiates writing the 
sync field on the 


drive. 
+READ/REFERENCE 10 0 Differential clock 
CLOCK signal used for reading 
data bits from the 
drive. 


-READ/REFERENCE 11 0 
CLOCK 


+NRZ WRITE DATA 13 I A differential pair 


-~NRZ WRITE DATA 14 I that defines the data 
to be written on the 
track. 


(Continued) 


Table 11-8. (Continued) 


Signal Pin I/O Description 
+NRZ READ DATA 17 QO Data recovered by 
-NRZ READ DATA 18 QO reading previously 


written information is 
transmitted to the 
controller via this 


differential pair. 


+WRITE CLOCK 7 I A differential pair of 
-WRITE CLOCK 8 I clocks used for writing 
data bits to the drive. 
INDEX 20 O Indicates the beginning 
of a track. 
GROUND 5,6, 7 
12, 15, 16 
19 


Figure 11-10 shows the pinout of 
connector. 


Signal Pin Pin 
—DRIVE SELECTED 1 2 
—COMMAND COMPLETE > 4 
SIGNAL GROUND ss) 6 
+WRITE CLOCK 7 8 
SIGNAL GROUND 9 10 
—READ/REFERENCE CLOCK 11 12 
+NRZ WRITE DATA 13 14 
SIGNAL GROUND 15 16 
+NRZ READ DATA 1 18 
SIGNAL GROUND 19 20 


Figure 11-10. 


J3, the data cable 


Signal 

—SECTOR 

—ADDRESS MARK ENABLE 
SIGNAL GROUND 

—WRITE CLOCK 
+READ/REFERENCE CLOCK 
SIGNAL GROUND 

—NRZ WRITE DATA 
SIGNAL GROUND 

~—~NRZ READ DATA 
—INDEX 


J3, Data Cable Connector 


Fixed Disk Drive 


Figure 11-11 shows J4, the control cable connector. 


Signal Pin 
GROUND 1 
GROUND 3 
GROUND 5 
GROUND 7 
GROUND 9 
GROUND 11 
GROUND 13 
Key 15 
GROUND 17 
GROUND 19 
GROUND 2} 
GROUND 23 
GROUND 25 
GROUND 27 
GROUND 29 
GROUND 31 
GROUND 33 


Figure 11-11. 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 


J4, 


Signal 


HEAD SELECT 2°— 


HEAD SELECT 22— 
WRITE. GATE— 
CONFIG/STATUS DATA— 
TRANSFER ACK— 
ATTENTION— 

HEAD SELECT 2°- 
SECTOR— 

HEAD SELECT 2!- 
INDEX— 

READY— 
TRANSFER REQ- 
DRIVE SELECT 1- 
DRIVE SELECT 2- 
Reserved 

READ GATE- 
COMMAND DATA— 


Control] Cable Connector 
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Chapter 12 12-1 
FIXED DISK DRIVE BACKUP SYSTEMS 


12.1 INTRODUCTION 12.2 10- AND 40-MEGABYTE FIXED 
DISK DRIVE BACKUP (TAPE) 

Three sizes of fixed disk drive backup (tape) are 

avaiable: The 10-megabyte fixed disk drive backup uses a 

3M DC 1000 tape cartridge or equivalent and the 

COMPAQ TAPE Utility Version 1 to provide a data 

m 40-Megabyte Tape Backup backup for fixed disk drives. The fixed disk drive 

backup stores up to 10 megabytes of data on a single 

tape cartridge. 


= 10-Megabyte Tape Backup 


m 135-Megabyte Tape Backup (among the 80286-based 
products, supported only on the 12-MHz COMPAQ 


. 7 
DESKPRO 286"). The 40-megabyte fixed disk drive backup (tape) uses a 


3M DC 2000 tape cartridge or equivalent and the 
COMPAQ® TAPE Utility Version 2.0 (or later) or other 
Tape Utilities to provide a data backup for fixed 
disk drives. The 40-megabyte fixed disk drive 
backup stores a maximum of 40 megabytes of data on a 
single tape cartridge. 3M DC 1000 tape cartridges 
which were created on a 10-megabyte fixed disk drive 
backup can be read on a 40-megabyte fixed disk drive 
backup but cannot be written. 


The fixed disk drive backup is connected in a 
daisy-chain manner with the diskette drives. An NEC 
765A diskette controller controls all fixed disk 
drive backup functions and data formats. 
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The fixed disk drive backup consists of a 
Figure 12-1 shows the fixed disk drive backup microprocessor, firmware, stepper motor, drive motor, 
systems. read/write head, and a control logic board. 


The 40-megabyte and 10-megabyte fixed disk drive 
backup logic board uses a Z8 microprocessor with 8 
kbytes of ROM to control the drive. The logic board 
connects to the: 


= Movable head, which reads and writes data 
= Cartridge-installed sensor 
= Write-protect sensor 


m™ End-of-tape/beginning-of-tape (EOT/BOT) sensor 


= Stepper motor, which positions the head 
= DC power supply 
= Drive motor, which advances and rewinds the tape 


= Diskette/Tape Controller Board 


Figure 12-2 is a functional block diagram of the 
fixed disk drive backup systems. 


4Q Megabyte 


Figure 12-1. Fixed Disk Drive Backup Systems 
(Tape Drive) 


HOST 
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Figure 12-2. Fixed Disk Backup Tape Drive Functional Block Diagram (10- and 40-Megabyte) 
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Specifications 


Table 12-1 lists the physical and electrical specifications of the fixed disk drive backup systems. 


Table 12-1. 40-Megabyte and 10-Megabyte Fixed Disk Drive Backup Systems Physical and Electrical Specifications 


40-Megabyte Fixed Disk 10-Megabyte Fixed Disk 
Drive Backup Drive Backup 

Size: 

Width 5.65 in. (144 mn) | Same 

Height 1.65 in. (41 mn) Same 

Depth 8.00 in. (203 mm) Same 
Weight 1.7 1b (0.77 kg) Same 
Formatted capacity (with ECC) 40.63 megabyte 10.35 megabyte 
Flux reversal density 10000 FRI 6400 FRI 
Data-transfer rate 500 kb/s 250 kb/s 
Head positioning time: 

Adjacent tracks 250 ms Same 

Move (worst case) 1 sec | Same 
Tape speed: 

Read/write 50 in./s 39 in./sec 

Rewind/fast forward 70 in./s 70 in./sec 
Tape end-to-end DC 1000 DC 2000 DC 1000 
positioning time: (see Note 1) (see Note 2) 

Read/write 44 sec 49 sec 57 sec 

Forward/reverse 31 sec 35 sec 31 sec 
Track density 83 TPI 59 TPI 
Number of tracks 20 8 
Blocks/track 124 158 
Sectors/block 18 (2 for ECC) 8 
Bytes/sector 1024 1024 


Notes: 1. The 10-megabyte fixed disk drive backup uses DC 1000 tape cartridges (supported on other COMPAQ products) 
which can be read by the 40-megabyte fixed disk drive backup. The 40-megabyte fixed disk drive backup 
cannot write to a DC 1000 tape cartridge, but can erase a DC 1000 tape cartridge. 


2. DC 2000 tape cartridge does not physically fit into a 10-megabyte fixed disk drive backup. 


Fixed Disk Drive Backup Commands 


All fixed disk drive backup operations are one of 
five processes: 


1. Servo-Write, which initializes the tape media by 
writing indexing information. 


2. Tape Format, which writes block, sector, and track 
information onto the tape. This information joins 
the indexing information previously written by 
Servo-Write. This process prepares data areas 
consistent with the NEC 765A diskette drive 
controller data format. 


3. Write-Data, which writes information in the same 
layout as standard diskette tracks. 


4. Read-Data, which reads information in the same 
layout as diskette tracks. 


5. Erase, which erases all information on tape, 
including servo and data information. (Supported 
only on the 40-megabyte fixed disk drive backup. ) 


The Servo-Write operation is initiated by executing 
an Enter Format Mode command followed by the Servo- 
Write command. This action moves the tape to the 
beginning, at block 0 and head 0, and then writes 
encoding index pulses on the tape in a streaming- 
write mode. These pulses are used solely by the 
fixed disk drive backup and are not available to the 
programmer. 
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NOTE: If the Servo-Write operation is 
interrupted, the tape cartridge must be fully 
erased before it can be used again. 


The format operation for tape is similar to the 
format process for diskette drives. To format the 
tape, the multipurpose controller board takes control 
of the interface and supplies the track and sector 
data for every block on the track. The data format 
on the tape has the characteristics of a diskette. 


The fixed disk drive backup systems accept commands 
from the multipurpose controller board as pulses on 
the step line. The number of pulses determines the 
desired command. Any number of pulses not recognized 
as commands are ignored. The fixed disk drive backup 
does not recognize the step pulses unless the NEC 
765A is programmed for a 3- or 6-ms gap between 
pulses. Table 12-2 lists the fixed disk drive backup 
commands. 
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Table 12-2. Fixed Disk Drive Backup Command Summary 


Step 
Pulses Command Action 


Va STOP MOTION Stops tape - deactivates BUSY- signal. 

3 PAUSE Moves tape back two blocks - stops tape. 

4 SEEK LOAD POINT Rewinds tape at 50 IPS and goes to track 0. 

5 MOVE TAPE FORWARD Moves tape forward at 70 IPS (fast forward). 

6 MOVE TAPE BACK Moves tape backward at 70 IPS (rewind). 

7 REPORT NORMAL COMPLETION Latches BUSY- line if latest command has successfully completed. 

8 REPORT DRIVE PRESENT Latches BUSY- line if selected. 

g REPORT END Latches BUSY- line if at end of tape. 

10 REPORT BEGIN Latches BUSY- line if at tape beginning. 

11 REPORT CART Latches BUSY- line if cartridge is present. 

12 REPORT TRACK FOUND Latches BUSY- line if track seek has completed. 

13 REPORT NEW CARTRIDGE Latches BUSY- line if cartridge has been replaced. 

14 MOVE TAPE AGAINST DATA Moves tape at 50 IPS (or 39 IPS if_in low-density mode) toward file beginning. 
15 MOVE TAPE WITH DATA Moves tape at 50 IPS (or 39 IPS if _in low-density mode) toward file end. 


16 ENTER FORMAT MODE Produces index pulses at end and beginning of data area to allow formatting by 
the 765. The drive must be in the Format mode to enable subsequent execution 
of the Servo Write command. 


17 ENTER NORMAL MODE Produces index pulses at beginning of data area. 

18 * REPORT EXPANDED Pulses the BUSY- line if it supports the Expanded command set (commands 19, 
INSTRUCTION SET 28, and 29.) 

19 * REPORT DRIVE/CARTRIDGE Pulses the BUSY- line. The controller responds with "N" step pulses to inquire 
TYPE about _a specific status condition. 

20 SEEK TRACK 0 Initiates tape motion and seeks track 0. 

ol SEEK TRACK 1 Initiates tape motion and seeks track 1. 

20 SEEK TRACK 2 Initiates tape motion and seeks track 2. 

23 SEEK TRACK 3 Initiates tape motion and seeks track 3. 

24 SEEK TRACK 4 Initiates tape motion and seeks track 4. 


* These commands are not available with the 10-megabyte fixed disk drive backup. 


(Continued) 
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Table 12-2. (Continued) 


Step 

Pulses Command Action 

25 SEEK TRACK 5 Initiates tape motion and seeks track 5. 

26 SEEK TRACK 6 Initiates tape motion and seeks track 6. 

27 SEEK TRACK 7 Initiates tape motion and seeks track 7. 

28 * SEEK TRACK "N" Pulses BUSY- line. The controller responds with 'N' step pulses. 

29 * ERASE TAPE Erases entire tape. 

31 SERVO WRITE Writes servo pattern on blank cartridge. The drive must be in Format mode. 
32 RECALIBRATE Sends simulated “at track 0" status to multipurpose controller board for 


diskette drive compatibility. 
* These commands are not available with the 10-megabyte fixed disk drive backup. 


Command 19 causes the drive to pulse the BUSY- line. The controller responds with "N" pulses to inquire for a 
specific status condition. Table 12-3 gives the pulses used for the various status conditions. Command 19 is not 
available with the 10-megabyte fixed disk drive backup. 


Table 12-3. BUSY- Line Pulses for Status 


"Ny" Step Pulses Status Condition Drive BUSY- Response Status 


4 Cartridge Type Low DC 2000 cartridge in drive. 
High DC 1000 cartridge in drive. 
5 Servo Density Low High-density, servo written, transfer rate at 
500 kHz, R/W speed at 50 IPS. 
High Low-density, servo written or blank cartridge. 
Transfer rate at 500 kHz, R/W speed at 39 IPS. 
6 Drive Type Low 40-Megabyte fixed disk drive backup. 


High 10-Megabyte fixed disk drive backup. 
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Conneciors 


The fixed disk drive backup systems use the same 
cable, connectors, and pin arrangements as the 
diskette drives for the connections to the 
multipurpose controller board or multipurpose fixed 
disk controller board and the DC power supply. 


The signal functions are different, however, and 
special software drivers are used to control the 
fixed disk drive backup systems. Table 12-4 shows 
the signal functions. 


Table 12-4. Drive Logic Board to Drive Controller 


Signal Descriptions 


Signal Name Function 


DRIVE 4 (TAPE) Drive select 4 is used to select 

SELECT- 40-megabyte fixed disk drive 
backup. 

INDEX- Indicates to the multipurpose 
controller board that one block has 
assed. 

READ DATA- This is the data stream of data and 


clock pulses from the 40-megabyte 
fixed disk drive backup. 


STEP- Pulses give commands to the fixed 
disk drive backup. 
BUSY- Indicates to the multipurpose 


controller board that the fixed 
disk drive backup is still 


executing 
a command. 

WRITE DATA- This stream of data is written to 
the tape when WRITE GATE- is 
enabled. 


WRITE GATE- Enables the drive-logic disk-write 
circuits so data from the WRITE 
DATA- signal is written. 

WRITE PROTECT- Indicates to the multipurpose 


controller board that the cartridge 


in the drive is write-protected. 


Figures 12-3 and 12-4 show the 
backup system connectors. 


Signal 


GROUND 


Figure 12-3. 


Pin Pin 
1 2 

3 4 

5 6 

7 8 

9 10 
11 12 
13 14 
15 16 
17 18 
19 20 
21 22 
23 24 
29 26 
2/ 28 
29 30 
31 32 
355 34 


fixed disk drive 


Signal 

NOT USED 
NOT USED 
DS4— 

INDEX— 

NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
STEP — 

WRITE DATA— 
WRITE GATE— 
BUSY— 

WRITE PROTECT— 
READ DATA— 
NOT USED 
NOT USED 


+. Edge Connector 


Fixed Disk Drive Backup 


Connector Pinout 


Or. © 
BROWN 


Figure 12-4, 


Fixed Disk Drive Backup Systems 


Signal 

+12 Vdc 

Ground (+12 Vde Return) 
Ground (+5 Vdc Return) 
+5 Vde 


Fixed Disk Drive Backup Power 
Connector Pinout 
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Tape Format 


The tape utility begins formatting with a SERVO-WRITE 
process. The SERVO-WRITE process divides the tape 
into sections called servo-blocks. Table 12-5 lists 
the track and sector sizes for the DC 1000 and 

DC 2000 tape cartridges. 


Table 12-5. Tape Track/Sector Sizes 


Tape Cartridge DC 1000 DC 2000 
Number of tracks 8 20 
Number of blocks/track 158 124 
Number of sectors/block 8 18 

(Note 1) (Note 2) 
Number of bytes/sector 1024 1024 


Notes: 1. Xenix uses two sectors for ECC, leaving 6 
data sectors. 
2. Two sectors are ECC, leaving 16 data 
sectors available. 


The tape utility then writes format data into the 
servo-blocks. Each of the tape tracks is formatted 
by the NEC765A diskette controller to yield a 
specific number of 1024-byte sectors per block. The 


data is written in double-density or modified 
frequency modulation (MFM) with the same layout as a 


standard diskette track. Table 12-6 gives the data 
format for the tape. 


Table 12-6. Tape Data Format 


Nominal Number of 
Value(hex) Bytes 


(Index pulse) 


Pre-index Gap 4E 80 
Pre-index Address 

Mark Sync 00 12 
Index Address Mark  FC(Note 1) 4 
Gap 1 4E 50 


Pre-ID AM Sync 00 (Note 2) 12 


2 
2 


Gap 3 4E 54 


Gap 4 4E (until second 


index pulse) 
Notes: 1. First 3 bytes are.C2 with missing clock 


transition between bits 3 and 4. 

2. First 3 bytes are Al with missing clock 
transition between bits 4 and 5. 

3. xx = data dependent. 


The Gap 3 value (54 bytes) shows the gap size when 
the tape is formatted. The Gap 3 size specified in 
the read/write commands is smaller (23 bytes). The 
size of Gap 4 depends on the tape speed. The NEC765A 
keeps writing until the second index pulse occurs. 


The boxed field of Table 12-5 is written once for 
each sector in the block, with appropriate sector ID 
values for each sector written. The sector ID 
consists of four 1-byte fields that are used to 
identify each sector (using diskette mnemonics): 


40-megabyte fixed disk drive backup: 
Cylinder = 0..123 Tape block number 


Head = 0 (Not used) 
Sector = 1..18* Sector number (within tape block) 
Size = 3 Sector size (3 denotes 1024 bytes) 


*Two sectors are for ECC, 16 data sectors are 
available. 


10-megabyte fixed disk drive backup 
Cylinder = 0..157 Tape block number 


Head = 0 (Not used) 
Sector = 1..8 Sector number (within tape block) 
Size = 3 Sector size (3 denotes 1024 bytes) 
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Tape Utilities 


Compaq provides TAPE Utilities to use with the fixed 
disk drive backup systems. These utilities make the 
10-megabyte and the 40-megabyte fixed disk drive 
backup systems available to MS-DOS users. 


This section provides information on the data format 
used by the COMPAQ TAPE Utilities. This description 
includes the tape header information, tape 
identification area, save set descriptions, file 
allocation table, and directory and file information. 


The 10-megabyte fixed disk drive backup uses only a 
DC 1000 tape cartridge. The 40-megabyte fixed disk 
drive backup can accept either a DC 1000 or DC 2000 
tape cartridge. Some differences in the support 
between the two drives reflects this difference in 
tape cartridges. 
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MS-DOS File Storage (Tape) 


The format of the data depends on the Tape Utility 
used to write the data to the tape. This section 
discusses the format of data written to the tape, 
DC 1000 and DC 2000, using COMPAQ TAPE Utilities. 
Two versions of COMPAQ TAPE Utility exist. Tape 
Utility Version 1 supports only the 10-megabyte fixed 
disk drive backup. Tape Utility Version 2 supports 
both the 10-megabyte and the 40-megabyte fixed disk 
drive backup, and can read data from a 10-megabyte 
tape backed up with Tape Utility Version 1. It can 
also erase a 10-megabyte tape. 


The COMPAQ TAPE Utilities place a tape header (HDR) 
and a file allocation table (FAT) at the beginning of 
the tape (Track 0, Block 0). 


When a set of files is written to the tape, the HDR 
and the FAT are modified to reflect the new tape 
status. A redundant copy of the HDR and FAT is 
stored in Track 0, Block 1. If the first block 
becomes unreadable, the information in the second 
block is used to retrieve the data on the tape. All 
remaining blocks contain directory and file 
information. 
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COMPAQ TAPE Utility, Version 2 generates an error correction code (ECC) when writing to a DC 2000 tape. The ECC is 
stored in the last two sectors of each block. Figure 12-5 shows the format of the blocks. 


sector 

1 2 3 ve LS 16 17 18 
Fon [ear [ear]. [ar | rr [ee | ce 
fon Paar [orf bar [ar fee [ee 


Figure 12-5. MS-DOS Track 0 Format (DC 2000 tape) 
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Figure 12-6 shows the format for Track 0 data without ECC. No ECC is generated by Tape Utility Version 2 when used 
with a 10-megabyte fixed disk drive backup. 


Sector 


1 2 3 4 5 6 7 8 
Pa [ ear [ar [ar [can [fe [en 
Fe [ear rr rar [cm emir [en 


Figure 12-6. MS-DOS Tape Track 0 Data (DC 1000 tape) 
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Tape Header 


The tape header (HDR) occupies the first 1024-byte sector on the tape. The tape header is divided into several 


sections, the Tape Identification area (TID), the Save Set Description area, and a reserved area. Figure 12-7 
provides a summary of the tape header format. 


COMPAQ Save Set 

TAPE aa Description Reserved 
Version Version 1 64 Bytes WA 960 bytes 
64 Bytes 768 bytes 192 bytes 


Figure 12-7. MS-DOS Tape Header 
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Tape Identification Area 


Table 12-7 lists the contents of the Tape Identification area. Table 12-8 further explains the contents of the 
Tape Identification area. 


Table 12-7. Tape Identification Area 


COMPAQ 

TAPE Utilities 

Address Function Bytes 

0 Reserved (must be zero 2 
2 Volume name 32 
34 Create (format) time 2 
36 Create (format) date 2 
38 Tracks per tape 2 
40 Blocks per track 2 
42 Sectors per block 2 
44 Bytes per sector 2 
46 Tape number 2 
48 More flag (for multiple-tape backup) 2 
50 Backup time 2 
52 Backup date 2 
54 Program version (in BCD) 2 
56 Format type 2 
58 Reserved 6 
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Table 12-8. Tape Identification Area Parameters 


Parameter Name Description 
Volume name Up to 31 characters in length, padded with zeros to 32 bytes, resulting in 


a ‘standard’ null-terminated string 
Date/time the tape was initialized Set only when the tape is formatted (by TAPE FORMAT or TAPE BACKUP), and is 


not updated by a normal BACKUP operation. (See Figure 12-8) 


Number of tracks per tape 20 for 40-megabyte tape, numbered 0..19, 8 for 10-megabyte tape, 
numbered 0..7 

Number of intra-servo blocks per 124 for 40-megabyte tape, numbered 0..123, 158 for 10-megabyte tape, 

tape track numbered 0. .157 

Number of sectors per block 18 for 40-megabyte tape, numbered 1..18, 8 for 10-megabyte tape, 
numbered 1..8 

Number of bytes per sector 1024 

Tape number The number of this tape in a multiple-tape backup set. For a single-tape 
backup, this entry is 1 

More flag This word is set to 1 to indicate that there are additional tapes in the 


backup set, or 0 to indicate that this is the last tape in the set. Fora 
single tape backup, this entry is 0 


Date/time The Date/time is written by BACKUP when the tape was backed-up and updated. 
(See Figure 12-8) 

Tape utility version (in BCD) The version of the COMPAQ TAPE Utility that wrote the tape 
0000h = Tape Utility before Version 1.10 


0110h = TAPE Utility Version 1.1 
O2xxh = TAPE Utility Version 2.xx 
Format Descriptor The low byte of this word appears at offset +56 in the first sector of the 
tape. The format descriptor is used by the software to determine the tape 
format by recognizing the following codes: 
0 - Tape is unused 
1 - Reserved 
2 - Reserved 
3 - Tape used by COMPAQ TAPE Utility prior to version V1.10 


4 - Tape used by COMPAQ TAPE Utility version V1.10 and later 
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Figure 12-8 shows the format of the time and date Save Set Descriptions 
parameters of the Tape Identification area. 
The COMPAQ TAPE Utility Version 2 supports multiple 
Bits backups per tape. (This feature does not apply to 
COMPAQ TAPE Utility Version 1.) Each time a set of 
15.11 10..5 4..0 files is backed up to the tape, a save set 
Hour (0-23) description containing 24 bytes is written to the 
tape header. Up to 32 save set descriptions can be 
stored in the 768-byte save set description area of 


Bits the tape header. Table 12-9 lists the 24-byte save 
set parameters. 


15.29 8.5 4..0 
Year-1980 (0-119) | Month (1-12) | Day (1-31) Table 12-9. Save Set Description 


Function Bytes 
Figure 12-8. Date and Time Format Bachip Cate a ei 

Version 2 

Save Set label 12 

Start block 2 

Source drive i 


a ————— 


Reserved 3 


Table 12-10 further explains the contents of the save 
set description. 


Table 12-10. Save Set Description Parameters 

Parameter Name Description 

Backup Time/date the save set was backed up. 

time/date This entry in the last nonblank save 
set matches the backup time and data 
located in the TID area. 

Tape Utility The version of the COMPAQ TAPE Utility 

Version that wrote the save set. 

(in BCD) 

Starting block Tape block number where the save set 

of Save Set begins. 

Backup source Disk drive from drive which the save 
set_was backed up. 

Save Set label] Save set label, up to 11 characters in 
length. padded with zeros to 12 bytes, 
resulting in a standard null- 
terminated string. 
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File Allocation Table 


The file allocation table (FAT) controls the 
assignment of sectors on the tape. For every sector 
on the tape, except for sectors containing ECC 
information, 2 bits are maintained in the FAT that 
describe the current state of that sector: 


FAT 

Entry Sector Status 

0 0 Not allocated 

01 Start of a file (header) 
1 0 Allocated 

11 Bad sector 


NOTE: Any empty sectors in the last block of a 
save set are marked as allocated in the FAT. 
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Each FAT byte contains four 2-bit fields, with the 
least-significant bits describing the first sector. 
The FAT has allocation entries for the entire tape, 
including the tape HDR and FAT sectors. The entries 
for these sectors are ‘allocated." 


Not all 16 available sectors on a DC 2000 tape 
cartridge are used for the FAT (not all are 
necessary). 


The size (in bytes) of the FAT for a tape can be 
determined by the following formula: 


(Tracks x blocks per track x sectors 
per block x bits per sector)/8 bits 
per byte 


The size (in bytes) of the FAT for a DC 1000 tape can 
be determined by the following formula: 


(8 tracks x 158 blocks per track x 8 sectors 
per block x 2 bits per sector)/8 bits per 
byte = 2528 bytes/FAT 


Example: A DC 1000 tape with no bad blocks contains 
two files, one which occupies one sector, and one 
which occupies three sectors. The first 6 bytes of 
the FAT would appear as follows: 


FAT entries for first block on tape: 


10101010}10101010 
AA AA 


FAT entries for second block on tape: 
10101010} 10101010 
AA AA 


FAT entries for files: 


10100101 | 00000000 
AS 00 


For a DC 2000 tape, the FAT table is: 


(20 tracks x 124 blocks per track x 
16 sectors per block x 2 bits per 
sector)/8 bits per byte = 39680/4 or 
9920 bytes/FAT 


Example: A DC 2000 tape with no bad blocks contains 
two files, one which occupies 1 sector, 
and one which occupies 3 sectors. The 
first 10 bytes of the FAT would appear as 
follows: 


FAT entries for first block on tape: 


10101010] 10101010/10101010) 10101010 
AA AA AA AA 


FAT entries for second block on tape: 


10101010) 10101010)/10101010) 10101010 
AA AA AA AA 


FAT entries for files: 


10100101 | 00000000 
AS 00 | 
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Directory Information 


When writing data to a tape using COMPAQ TAPE Utility 
Version 2, all blocks after 0 and 1 on track 0 
contain directory and file information. This section 
on directory information does not apply with COMPAQ 
TAPE Utility Version 1. If the backup spanned 
multiple directories, the first sector(s) of the save 
set contain directory information. This information 
tells the COMPAQ TAPE Utility which directories to 
create on the destination disk during the tape 
restore process. These sectors are marked as 
allocated in the FAT. 


Table 12-11 lists the format of the directory 
information. 


Table 12-11. Directory Information 
Function Bytes 


Directory name 1 78 
Last entry flag 2 
Reserved for future use 2 
Directory name x 78 


fh 


Last entry flag 


Reserved for future use 2 
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Table 12-12 lists the directory information 
parameters. 


Table 12-12. Directory Information Parameters 
Parameter Name Description 


Directory name Directory pathname, padded with 
zeros to 78 bytes, resulting ina 
standard null-terminated string 

Last entry flag End of the directory name list. 
This word is set to 1 if this is 
the last entry in the directory. 
If this is not the last entry, 
this word is 0. 


Reserved 


Only the pathnames of the lowest level subdirectories 
are saved. All intermediate subdirectories can be 
recreated from these. 


Example: The following directory names are generated 
for the directory shown in Figure 12-9: 


\DOS 
\TOOLS\EDITOR 
\MISC\REPORTS\TEMP 
\MISC\MEMOS 
\MISC\EXPENSE 
DOS 
ROOT TOOLS ——» EDITOR 
REPORTS ———® TEMP 
MISC MEMOS 


EXPENSE 


Figure 12-9. Sample Directory 


File Information 


Following the directory information (if any) are the 
sectors containing the file information. 


The first sector of each file contains a header, 
which contains various information about the file. 


Table 12-13 describes the file information. 
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Table 12-13. File Information 


Function Bytes 
Header Signature (55h, AAh) 2 


Filename 108 
File Attribute 
Original File Time 

Original File Date 

File Size (in bytes) 

Backup Time 


Backup Date 
Aux File Attribute #1 


Aux File Attribute #2 


PO PRO [RO [RO TF FPO TPO [MP 


The file information parameters are given in 
Table 12-14. 
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Table 12-14. File Information Parameters 


Parameter Name Description 


Header Signature The 2-byte header signature is 55h, AAh. This signature is used to identify the 
header or separate it from the rest of the tape information. 
Filename The filename may be up to 107 characters in length, padded with zeros to 108 


bytes, resulting in a standard null-terminated string. There is no structure 
imposed on the filename other than maximum length, but the COMPAQ TAPE Utility 
expects a DOS-style pathname (without a drive letter). 

File Attribute This word value is used by the COMPAQ TAPE Utility to retain the original 
attributes of the file as specified by the operating system. For MS-DOS, only the 
low-order byte is used. 


Original Date/time Original date/time of the file. (See Figure 12-3 for format) 
File Size 32-bit file size (in bytes) 
Backup Time and Date The date and time the file was backed up. This value is the same as the 


corresponding value in the headers of all the other files that were part of the 


same backup . 


Aux File Attribute #1 Not used in COMPAQ TAPE Utility prior to version 1.10. In version 1.10 and later: 
Bit 0, if set (=1), means that this file is continued on the next tape. In 
this case, the file size indicates only the portion of the file that is on this 
tape. 

Bit 1, if set (=1), means that this file is continued from the previous tape. 
In this case, the file size indicates only the portion of the file that is on 
this tape. If bit 1 is set (=1), with bit 0 reset (=0), this is the last 


portion of the file. 


Aux File Attribute #2 Reserved, must be 0. 
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12.3 135-MB FIXED DISK DRIVE 
BACKUP (TAPE) 


This section provides a detailed discussion of the 
135-MB tape backup, supported on the 12-MHz COMPAQ 
DESKPRO 286. 


It also provides information about the SY-TOS 
Operating System as well as the COMPAQ Tape Host 
Adapter. 


The 135-MB tape backup includes the following Figure 12-10. 135-MB Tape Backup 
features: 


= No preformatting required 
= Direct read after write 
= Data verification 


™ Erase Bar 


Read QIC24 and QIC120 formatted cartridges 


Figure 12-10 shows the 135-MB tape backup system. 
Figure 12-11 shows a functional block diagram of the 
135-MB tape backup. 
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Figure 12-11. 135-MB Tape Backup Functional Block 
Diagram 


re 
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135-MB Tape Backup Specifications 


Table 12-15. 135-MB Tape Backup Physical 
and Electrical Specifications 


Size: 
Width 5.8 inch (147 mm) 
Hei ght 1.7 inch (43 mn) 
Depth 8.3 inch (211 mm) 
Weight 2.4 lb (1.1 kg) 
Formatted capacity 135 MB 
(with ECC) 
Flux reversal density 12500 FRPI 
Bit density 10000 BPI 
Data-transfer rate 720 Kb/s 
Tape speed: 
Read/write 72 in./second 


Rewind/fast forward 90 in./second 


Tape end-to-end 


positioning time: DC 600XTD 
Read/write 100 seconds 
Forward/reverse 80 seconds 
Track density 76 TPI 
Number of tracks 18 
Blocks/track 16,900 
Bytes/block 512 


135-MB Tape Backup Connector 


The 135-MB tape backup interfaces the COMPAQ Tape 
Host Adapter via a 50-pin interface signal connector. 
Table 12-16 shows the signal functions of this 
connector. 


Table 12-16. Tape Backup Logic Board to Tape Host 
Signal Descriptions 


Pin 


Number Signal Function 

02-10 Reserved. 

l2 DDATA7- Tape Host Adapter Bus Bit 7, MSB 
14 DDATA6- Tape Host Adapter Bus Bit 6 

16 DDATA5- Tape Host Adapter Bus Bit 5 

18 DDATA4- Tape Host Adapter Bus Bit 4 

20 DDATA3- Tape Host Adapter Bus Bit 3 

22 DDATA2- Tape Host Adapter Bus Bit 2 

24 DDATAI- Tape Host Adapter Bus Bit 1 

26 DDATA0- Tape Host Adapter Bus Bit 0, LSB 
28 ONL- Online 

30 REQ- Request 

32 RST- Reset Controller 

34 XFER- Transfer 

36 ACK- Acknowledge 

38 RDY - Ready 

40 EXC- Exception 

42 DIRTOHOST- Direction to Host 


Note: See Table 12-18 for signal descriptions 
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Figures 12-12 and 12-13, respectively, show the Pin Signal 


135-MB tape backup control and power connectors. +12VDC 
GROUND (+12VDC RETURN) 
GROUND (+5VDC RETURN) 


Signal 
+5VDC 


Signal 


& WGN 
O:0:0:0 


Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
DDATA/— 
DDATA6— 
DDATAS— 
DDATA4— 
DDATA3— 
DDATA2— 
DDATA1— 
DDATAO— 
ODL-— 
REQ= 
RST-— 
XFER— 
ACK— 
RDY-— 
EXG= 
DIRTOHOST— 
Reserved 
Reserved 
Reserved 
Reserved 


Figure 12-13. 135-MB Tape Backup Power 
Connector 


Ground 


Figure 12-12. 135-MB Tape Backup Control Connector 
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135-MB Tape Backup Commands 


Because the 135-MB tape backup uses the SY-TOS Tape Operating System for typical tape drive functions, this section 
only lists and briefly describes the 135-MB commands (Table 12-17). 


Table 12-17. 135-MB Tape Backup Command Summary 


Command Command Code Action 

Select QIC-24 27h Instructs the tape drive to read a 9-track QIC-24 format tape. 

Select QIC-120 28h Instructs the tape drive to write in the 15-track QIC-120 format. 

Select QIC-150 29h Instructs the tape drive to write in the 18-track QIC-150 format. 

Write Data 40h Causes data to be written on the tape. 

Write without 4h Instructs the tape drive to perform all functions of a WRITE command. 

Underruns Causes continuous tape movement. 

Write File Mark 60h Causes a FILE MARK to be written on the tape. 

Write File 62h Instructs the tape drive to combine the Write File command with a Write command 

Mark/Write to achieve streaming tape operation when writing file marks. Stops if underrun 
occurs. aaa rere ee er 

Write File Mark/Write Instructs the tape drive to combine the Write File Mark and a Write command to a 

without Underruns 63h achieve streaming tape operation whe writing file marks. Does not stop if 
underrunn occurs. 

Read Data 80h Causes data to be read from the tape to the tape drive. 

Read Continuous 82h i tabrsiay tape drive to begin or continue a read operation, without stopping at 
File Marks. 

Read Block (n) 8Ah Allows the host to read to read any given block by addressing the block via its 
block number (n). 

Space Forward 81h Instructs the tape drive to logically move the tape forward over the subsequent 
data block or file mark. 

Space Reverse 89h Instructs the device to logically move the tape in a reverse direction over the 
previous data block or file mark. 

ae to End of Recorded A3h Instructs the device to search for the end of the recorded media. 

Media 


(Continued) 
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Table 12-17. (Continued) 


Command Command Code Action 

Read File Mark A0h Causes the tape in the tape drive to move to the EOM side of the next file 
mark. 

Read File Marks Blh..BFh Identical in function to Read File Mark command except that the number of file 


marks read are equal to the binary value of nnnn. For example, 1011 0001 
causes one file mark to be read and 1011 0010 causes to files marks to be read. 
In the case where nnnn is zero (0011 0000), the tape drive returns a illegal 
command status. 


Read Status Command COh Causes the tape drive to transfer to the host information about itself. 


Erase Tape 22h Completely erases the tape in the tape drive. 

Rewind to BOT C2h Positions the tape in its tape drive. 

Initialization 

(Retension) 24h Conditions the tape as per specifications of media manufacturer. 
Rewind to BOT C2h Positions the tape in its tape drive. 

Rewind to BOT C2h Positions the tape in its tape drive. 

Run Self-Test C2h Instructs the tape drive to perform self-test operations. 

Run Self-Test 2 CAh Instructs the tape drive to perform unique self-test operations. 
Run Self-Test 3 CBh Instructs the tape drive to perform self-test operations. 

Read Firmware Instructs the tape drive to transfer to the host adapter six-bytes of 
Identification CFh identification data. 


Select Drive Olh Selects the tape drive for on-line operation. 


SY-TOS Tape Operating System 


The 135-MB tape backup uses the SY-TOS Tape Operating 
System for all tape backup functions. 


For detailed information on the SY-TOS Tape Operating 
System, refer to the SY-TOS User's Guide provided 
with the 135-MB tape backup. 


COMPAQ Tape Host Adapter 


The COMPAQ Tape Host Adapter provides the interface 
for the 135-MB tape backup to the 12-MHz DESKPRO 286. 
The tape host adapter: 


= Interfaces the 135-MB tape backup to the 
DESKPRO 286 


= Plugs directly into the 8-bit expansion slot (J108) 


= Provides an 8-position switch for setting 
options and configuration settings. 


Figure 12-14 shows the COMPAQ Tape Host Adapter. 
Figure 12-15 shows the COMPAQ Tape Host Adapter 
functional block diagram. 


Figure 12-14. 
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J801, Control Connector 


COMPAQ Tape Host Adapter 
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Figure 12-15. COMPAQ Tape Host Adapter Functional Block Diagram 


Tape Host Adapter I/O Port Description 


The tape host adapter interface is configured as two 
I/0 addresses, beginning at one of two possible jp25 


selectable base addresses. Table 12-18 defines the 
port addresses and their functions. 


A more detailed description of the I/0 port addresses 
follows Table 12-18. 


Table 12-18. COMPAQ Tape Host Adapter I/0 Port 


Description 
Address (Hex) Read Write 


Primary/Secondary Function Function 


300/200 Status register Control register 
301/201 Data register Data register 
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Data Register (Read/Write) (301/201) 


The data register is the port through which all 
command, status, and data bytes are transferred 
between the 12-MHz DESKPRO 286 and the tape host 
adapter. Command and status bytes are transferred by 
programmed I/0. Data bytes are transferred using DMA 
operations. 


a 
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Status Register (Read Only) (300h/200h) 


This register contains the status from the tape host 


adapter and the 


BIT 
76543210 


: 


tape backup. 


RDY- is the ready bit. It is asserted and 
deasserted by the RDY- signal in the QIC02 


interface. 


EXC- is the exception condition bit. It is 


asserted and deasserted by the EXC- signal 
in the QICO2 interface. 


DTH- is the direction-to-host bit. It is 
asserted and deasserted by the DIRTOHOST- 
signal in the QIC02 interface 


ONL is the online bit. This bit is the 
inverted loopback of the ONL bit in the 
control register. 


RST is the software reset bit, which is 
looped back from the control register. 


REQ is the request bit, which is looped 
back from the control register. 


These bits are the DMA and interrupt 
enables looped back from the control 
register 


BIT 
76543210 
i 


Control Register (Write Only) 


ONL is the online bit. When asserted, 
this bit asserts ONL- in the QIC02 
interface. When deasserted, this bit 
deasserts ONL-. 


RST is the reset bit. When asserted, 
this bit resets the tape host adapter and 
tape backup and holds them reset until 
deasserted. When RST- is asserted, it 
clears any pending DMA request and 
disables any DMA requests. RST- also h 
the selected DRQn in a high impedance 
state, and deasserts XFER- and asserts 
RST- in the QICO2 interface. Deasserting 
this bit reenables the tape host adapter 
for normal operations. 


REQ is the request bit. When asserted, 
this bit asserts REQ- in the QIC02 
interface. When deasserted, this bit 
deasserts REQ-. 


These are the interrupt and DMA enable 
bits. When asserted, they allow the tape 
host adapter to generate interrupts on the 
selected IRQ line, and to perform DMA 
transfers. Either bit may be used to 
perform this function. 


Unused 


Command Protocol 


Commands for the COMPAQ Tape Host Adapter consists of 
the following general types: 


= Status Transfer 
= Data Transfer 


= Drive Stand-alone 


A command may be issued any time the tape backup is 
ready (RDY- active), and not online (ONL- is 
inactive), or when EXC- is asserted. Commands are 
issued by writing the command code to the data 
register of the tape host adapter,. asserting ONL for 
data transfer commands, asserting the control 
register REQ bit, and waiting until the tape backup 
transition from not-ready to ready. When this 
transition has occurred, deassert REQ and wait for 
another not-ready-to-ready transition. 
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On Drive Stand-alone commands, this second transition 
indicates the completion of the command. 


For a Status Transfer command, this second transition 
and subsequent not-ready to ready transitions 
indicate that one of the bytes of status information 
is ready for reading by the host in the data 
register. After each status byte is read from the 
data register, REQ is asserted, not-ready is 
verified, and REQ is deasserted to complete the 
handshake protocol. When all status bytes have been 
transferred, the next not-ready to ready transition 
signals the completion of the command. 


During Data Transfer commands, the second and al] 
subsequent not-ready to ready transitions signal the 
first byte of each new block of data. On the first 
block of data, the tape host adapter DMA should not 
be enabled until after the Data Transfer command has 
been issued and accepted. The tape backup DIRTOHOST- 
signa] must also be in the correct state and the 
DESKPRO 286 DMA controller has been programmed for 
the transfer. 


The DESKPRO 286 DMA channel should then be unmasked, 
allowing the DMA transfer to take place. When the 
transfer is complete, which may be polled, or is 
signaled by an interrupt, the process starts over 
again at the next not-ready to ready transition. To 
begin the next transfer for each following block of 
data, take the following actions: 
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= Program the DESKPRO 286 DMA controller 
= Unmask the DESKPRO 286 DMA channel 


A Data Transfer command is terminated by reaching the 
end of tape, reading a file mask, or by deasserting 
the ONL bit in the control register. 


When EXC- is asserted by the tape backup, the status 
of the tape backup must be transferred to the host 
before any other operation can begin. Typical times 
for EXC- to be asserted are: 


= At power up 
m After a software reset 


m When the drive does not recognize an issued command 
code as a valid command 


@ When a command other than Read Status is issued 
when EXC- is active 


This condition will be signaled by an interrupt, if 
interrupts are enabled, and will be available in the 
status register for polling. In response to seeing 
the EXC- bit asserted, the host must issue a Read 
Status command, any other command will be rejected. 


Tape Host Adapter Connector 


The 135-MB tape backup interfaces the COMPAQ tape 
host adapter through J801, the interface connector. 
The COMPAQ tape host adapter interfaces the 8-/16-bit 
expansion bus of the DESKPRO 286 through Pl. Table 
12-19 shows the signal functions for the tape host 
adapter interface connector, J801. 


Table 12-19. Tape Host Adapter, J801 Connector 


Signal Descriptions 
Pin _1/0 Signal Signal Description 
12 1/0 DDATA7- Negative true 
14 I/0 ODATA6- bidirectional data bus between the 
16 1/0 DDATA5- tape host adapter and the tape 
18 1/0 DDATA4- backup. Bit <7> is the most 
20 I/0 DDATA3- significant. 
22 1/0 DDATA2- 
24 I/0 ODDATAI- 
26 I/0 DDATAO- 


28 0 ONL- Online. Asserted before beginning 
a Read or Write command. 
Deasserted to terminate command. 

30 0 REQ- Request. Handshake signal for 
comnand or status byte transfers 
between the tape host adapter and 
system. It is asserted to 
indicate that the command byte has 
been placed on the data bus 
(DDATA) or that a status byte has 
been taken from the bus. 

32 QO RST- Reset. When asserted, RST- resets 
and holds the tape backup reset. 
Reenables tape backup when 
deasserted. 


(Continued) 
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Table 12-19. (Continued) 


Pin 1/0 Signal Signal Description 

34 O XFER- Transfer. Handshake signal for 
data byte transfers between the 
tape host adapter and the tape 
drive backup. It is asserted to 


indicate that a byte has been 
placed on the data bus (DDATA) 
during a write command, or that a 
byte has been taken from the data 


bus during a read command. 

36 I ACK- Acknowledge. Handshake signal for 
data byte transfers between tape 
host adapter the tape backup. It 
is asserted to indicate that a byte 
has been taken from the data bus 
(DDATA) during a write command, or 
that a byte has been placed on the 


data bus during a read command. 

38 I RDY-  ODrive Ready. This signal has three 
functions. First, it is an 
indication that a non-data transfer 
command has completed. Second, it 
is a handshake signal for command 
or status byte transfers between 
the tape host adapter and the tape 
backup. And third, it is an 
indication that the next block of 
data is ready for transfer during a 
Data Transfer command. 


(Continued) 
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Table 12-19. (Continued) 
Pin I/0 Signal _ Signal Description 


40 I EXC- Exception condition. Indication 
from tape backup that a condition 
exists which requires the tape host 
adapter to perform a Get Status 
command before any other operation 
is begun 

42 I  DIRTOHOST- Direction to host. Indicates 
direction in which the tape backup 
is prepared to transfer data. When 
asserted, the transfer 
direction is to the tape host 
adapter. When deasserted, the 


direction is to the tape backup. 


2, 4 Reserved Reserved. These pins are not 


6, 8, 10 driven or received. 
44, 46 

48, 50 

All Odd Ground Signal Ground. 

Pins 


a a a a a 
Cees nnn nnn nna eel 


Switch Settings 


Table 12-20 lists the switch settings for the COMPAQ 
Tape Host Adapter. 


Table 12-20. Switch Settings for the COMPAQ Tape 
Host Adapter 


Reference 

Designator Function 

SW1-1 Tape host 

SW1-2 interrupt 
select switches 


Description and Default 
SW1-1 = ON SW1-2 = OFF* 
Interrupt 5 (IRQ5) 
selected. 


SWl1-1 = OFF SW1-2= ON: 
Interrupt 3 (IRQ3) 
selected. 
owi=3 Tape host adapter SW1-3 and SW1-5 
SW1-4 DMA channel SW1-4 and SW1-6 
SW1-5 select switches DMA channel 3 
SW1-6 selected. 


SW1-3 and SW1-5 = OFF 
SW1-4 and SW1-6 = ON: 
DMA channel 1 selected 
SW1-7 Tape host adapter SW1-7 = ON * 
SW1-8 base address SW1-8 = OFF:* 
select switch Primary base address 
(300h) selected. 


ON* 
OFF:* 


SW1-7 = OFF 

SW1-8 = ON: 
Secondary address 
(200h) selected. 


* Default setting 
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Schematics 


The schematics for the COMPAQ Tape Host Adapter are shown in Figure 12-16. 
guarantee the accuracy of the schematics. 


host adapter. 


NOTES UNLESS OTHERWISE SPECIFIEO: 


1. 


2. 
3. 
4. 


ALL RESISTORS ARE i/4W, Sz. 
ALL CAPACITORS ARE SQV. *80/-20% ANO IN NICROFARADS. 

J@01-xx IS CLIPPED FOR KEYING. 

SWITCH SWI, POSITIONS 1 ANO 2. SELECT THE AOAPTER INTERRUPT. IF SWITCH 1 
1S Of ANO SWITCH 2 [5 OFF. INTERRUPT S IS SELECTED (STANDARD). IF SWITCH 

1 1S OFF AND SWITCH 2 IS ON, INTERRUPT 3 [S SELECTEO. ONE. AND ONLY ONE 
SWITCH MAY BE ON AT A TIKE. 

SWITCH SWI, POSITIONS 3 THROUGH 6. SELECT THE ADAPTER OMA CHANNEL. IF 
SWITCHES 3 ANOS ARE ON ANQ SWITCHES 4 AND 6 ARE OFF, DMA CHANNEL 3 IS 
SELECTED <STANOARO). IF SWITCHES 3 ANO 5 ARE OFF ARO SWITCHES 4 ANO 6 ARE 
ON, DHA CHANNEL 1 [5 SELECTED. SWITCH 3 MUST BE SET THE SAME AS SWITCH S 
AND SWITCH 4 HUST BE SET THE SAME AS SWITCH 6. ONE, ANO ONLY ONE SWITCH IN 
EACH PAIR (3,4 AND 5.6) MAY BE ON AT A TIME. 

SWITCH SWI. POSITIONS 7 ANO 6, SELECT THE ADAPTER I/O ADDRESS. [F SWITCH 7 
1S ON ANO SWITCH 8 IS OFF, THE PRIMARY AOORESS (300 HEX) IS SELECTED 
(STANDARD). IF SWITCH 7 IS OFF AND SWITCH 8 IS ON. THE SECONDARY ADDRESS 
(200 HEX) IS SELECTED, ONE, AWO ONLY ONE SWITCH KAY BE ON AT A TIME. 

Z2 MAY BE OPTIONALLY INSTALLEO TO TERMINATE BOTH ENOS OF THE DATA BUS. PER 
THE QICO2 SPEC. 

U3 MAY BE REPLACEO WITH A 74ASS60 FOR 48nA SINK CAPABILITY GN THE DATA BUS 
IF BOTH THE ORIVE ANO THE HOST ADAPTER HAVE 220/330 OHM TERMINATORS, PER THE 
gIcoz SPEC. 

Ji ANO J2 ENABLE OR DISABLE TERNINATION OF O1CO2 DATA BITS O ANO 1 (DATAO- 
AHD DATA1~). - WHEN THE JUMPERS ARE INSTALLED. THE TERMINATORS ARE EMABLED, 
WHEN THE JUMPERS ARE NOT INSTALLED, THE TERMINATORS ARE OISABLED. 


. CHASSIS GROUND IS BROUGHT ONTO THE BOARO THROUGH THE HOUNTING BRACKET. 


Pw, 


000776 


ASSY: 000774 


Figure 12-16. 


COMPAQ Tape Host Adapter Schematics (Page 1 of 4) 


SPARES 


Compaq Computer Corporation does not 
They are provided as an aid to understanding the operation of the tape 
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Figure 12-16. COMPAQ Tape Host Adapter Schematics (Page 2 of 4) 
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Figure 12-16. COMPAQ Tape Host Adapter Schematics (Page 3 of 4) 
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Figure 12-16. COMPAQ Tape Host Adapter Schematics (Page 4 of 4) 


Chapter 13 


| 


MONITORS 


TABLE OF CONTENTS 


CHAPTER 13 


MONITORS ee 


13.1 COMPAQ DUAL-MODE MONITOR 13-1 


COMPAQ Dual-Mode Monitor Specifications 13-3 
COMPAQ Dual-Mode Monitor Waveforms 13-5 
COMPAQ Dual-Mode Monitor Connectors 13-7 


13.2 OTHERS COMPAQ MONITORS 13-10 


Chapter 13 ie 
MONITORS 


13.1 COMPAQ® DUAL-MODE 
MONITOR 


COMPAQ monitors have the following features: 
= Dual-mode capability 


= Amber and green screen available 
(external monitors only) 


m 12-volt DC operation 


The COMPAQ Dual-Mode monitors are capable of 
displaying in either the high-resolution text mode or 
the graphics mode with the same monitor. Mode 
selection is accomplished via the COMPAQ Video 
Display Controller Board by changing the monitor scan Figure 13-1. COMPAQ PORTABLE 286 Dual-Mode Monitor 
rates. The COMPAQ Video Display Controller Board 

changes the scan rates in response to software 

interrupts (See Chapter 7) or to multiple-key 

commands from the keyboard (See Chapter 8). 


The COMPAQ PORTABLE 286® has an internal dual-mode 
monitor that is internally connected to the COMPAQ 
Video Display Controller Board. The COMPAQ Dual-Mode 
Monitor is an external monitor which may be used with 
the COMPAQ DESKPRO 286® or, optionally, with the 
COMPAQ PORTABLE 286. 


a 
y 
Figures 13-1 and 13-2 show the COMPAQ Dual-Mode —~ea— 


Monitors. 


Figure 13-2. COMPAQ Dual-Mode Monitor 
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Figures 13-3 and 13-4 show the monitors’ functional block diagrams. 


Monitor 
Power 
Input 


COMPAQ PORTABLE 286 
Video Interface 


High-Voltage 
Supply 
a Doone Control 
Control 
71 


/ 


Figure 13-3. Functional Block Diagram for COMPAQ 
PORTABLE 286 Monitor 


COMPAQ DESKPRO 286 
RGBI Video Input 


Monitor 


Power 
Input 


RGBI—to~Analog 
Conversion 


Horizontal 
Oscillator 


Brightness 
Control 


Figure 13-4. Functional Block Diagram for COMPAQ 
DESKPRO 286 Monitor 
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COMPAQ Dual-Mode Monitor Specifications 


Table 13-1 lists the monitor specifications. 


Table 13-1. COMPAQ Dual-Mode Monitor Specifications 


COMPAQ PORTABLE 286 COMPAQ DESKPRO 286 
screen: 
CRT size 9 in. diagonal 12 in. diagonal 
Phosphor Green, medium persistence Green, medium persistence 
or 


Amber, medium persistence 
Active area (see Figure 13-5) 


Horizontal 6.3 in. (16.0 cm) 8.1 in. (20.6 cm) 
Vertical 4.6 in. (11.7 cm) 6.0 in. (15.2 cm) 
Power Requirements: 
Voltage 12.3 Vdc, +4% 12.4 Vdc, +4% 
Current 1.5 A max, 1.8 A max, 
2.0 A surge (5 ms) 2.5 A surge (10 ms) 
Signals: 
Video Analog, 1.0 to 2.5 V Digital, TTL-level RGBI 
into 470 ohms min. yielding a 15-level gray 
scale 
Horizontal Sync Positive, TTL-level Positive, TTL-level 
Vertical Sync Negative, TTL-level Positive, TTL-level 
Connectors: 
Power 6-pin single row, 3-pin male circular DIN 
AMP 102409-5, or equiv. AMP 211502-5, or equiv. 
Signal 12-pin double row, 9-pin male subminiature D 


AMP 87227-6, or equiv. 
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Figure 13-5 shows the active area on the screen. 


Vertical 


Horizontal 


Figure 13-5. Screen Active Area 


Table 13-2 lists the monitor resolution (pixel 
density) and frequency for the high-scan and low-scan 
modes. 


Table 13-2. Monitor Resolution and Frequencies 


Mode Resolution Horiz. Vert. 
scan Mode_Signal_(in pixels) Freq. Freq. 
High-Scan LOW 720 x 350 18.5 KHz 50 Hz 


Low-Scan HIGH 640 x 200 15.7 KHz 60 Hz 
pT _______fffHMH_____4H,_4_4 HH ___—_§_— 


Table 13-3 lists the Safety Compliances for the 
monitors. 


Table 13-3. COMPAQ Dual-Mode Monitor Safety 


Compliances 


Safety 
UL 1418 
UL 478 
DHHS 21 CFR Subchapter J 
CSA 22.2 #154 
VDE or TUV in accordance with 
DIN IEC 380/VDE 806 
RFI 
US FCC Class B 
International VDE 0871 Level B 
(See Note) 
Note: Units shipped internationally comply with 
this regulation and include COMPAQ part numbers 
102508-3, green phosphor, international 


and 102508-4, amber phosphor, international. 
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COMPAQ Dual-Mode Monitor Waveforms 


References to the red, green, blue, and intensity signals in the COMPAQ Video Display Controller Board translate to 
variations in intensity on COMPAQ monochrome monitors by assigning a weighted value to each signal. Figures 13-6 
through 13-8 show the timing parameters for the monitors. 


oO 
9 = 
c = = 

o e oO ¢€ & 

Be) 
ce ¢ 2 © &®8 $ o , 8 
x Coe o ¢; o mn Oo © Mf FE GO Cc 
uv oo 8 2 ON 

o5 §§ 8 Zs zeP ,, oo oe 
a ip te Oe. Sa? = 46: 3 Se Se eS 


J404 
oe ee ee i 


J401 VID 


J402, 
J403 


x Black Reference Level 
Sync Lavel 


ee ee 


Notes: 1. Burst is only present In the 40 x 25 text mode or the 320 x 200 graphics mode. 
2. This is a block-frame format without equalization pulses. 


Figure 13-6. COMPAQ Dual-Mode Monitor Video Timing Waveforms 
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VID 


HS 


Figure 13-7. COMPAQ Dual-Mode Monitor Horizontal Timing 


VID 


VS 


Figure 13-8. COMPAQ Dual-Mode Monitor Vertical Timing 


COMPAQ Dual-Mode Monitor 
Connectors 


The COMPAQ PORTABLE 286 Dual-Mode Monitor signal 
cable connects to the COMPAQ Video Display Controller 
Board connector J401 (connector J401 is an internal 
connector). The COMPAQ PORTABLE 286 monitor-power 
cable connects to the system board connector J112. 
Figure 13-9 and Table 13-4 describe the monitor 
signal connector. Figure 13-10 shows the monitor 
power connector. 
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The COMPAQ Dual-Mode Monitor signal cable connects to 
the COMPAQ Video Display Controller Board RGBI 
connector (J404). The COMPAQ Dual-Mode Monitor power 
cable connects to the monitor power receptacle. 

These connectors are on the back of the system unit. 
Figure 13-11 and Table 13-5 describe the monitor 
signal connector. Figure 13-12 shows the monitor 
power connector. 
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Table 13-4. COMPAQ PORTABLE 286 Monitor Signal Connector 


Signal Pin 1/0 Description 

Chassis ground 11,12 - Cable Shield. 

HS 7 Nf Horizontal sync is an active-high TTL signal in both level and drive characteristics. 
Refer to the Waveforms section for the horizontal sync signal timing characteristics. 

MODE 3 I The mode signal (TTL) indicates whether the monitor should be in the high- or 


low-scan mode. During a mode change, both horizontal and vertical sync are suppressed 
for up to 16 vertical frames. The mode signal is high (logic 1), for the 
low-scan mode, and low (logic 0) for the high-scan mode. 

Signal ground 2,4,8  - This is the ground reference for the TTL signals. 

VID 5 I] This is the analog video output signal. The signal voltage ranges from 1.0 volts 
(black) to 2.5 volts (white) into 470 to 6800 ohms (impedance). This signal is 
referenced to the video signal ground (pin 6). 

Video ground 6 - This is the ground reference for the VID signal (pin 5). 

VS- l I Vertical sync is an active-low TTL signal in both level and drive characteristics. 
Refer to the Waveforms section for the vertical sync signal timing characteristics. 


Signal Pin Pin Signal 

VS- 1 |o af 2 Signal Ground 1 12 Vde Return 

MODE 3 fa aj 4 Signal Ground 2 Bright, CW 

VID 5 {lao of 6 Video Ground 3 12 Vdc 

HS 7 |o of 8 — Signal Ground 4 Bright, W 

Key i) 10 Key 5 Key 

Chassis Ground 11 /o of 12 Chassis Ground 6 Bright, CCW 

Figure 13-9. COMPAQ PORTABLE 286 Dual -Mode Figure 13-10. COMPAQ PORTABLE 286 Dual-Mode 


Monitor Signal Connector Monitor Power Connector 
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Table 13-5. COMPAQ Dual-Mode Monitor Signal Connector 


Signal Pin 1/0 Description 

B 5 I Blue, active-high TTL video signal. 

G 4 I Green, active-high TTL video signal. 

HS 8 I Horizontal sync is an active-high TTL signal in both level and drive characteristics. 
Refer to the waveform section for the timing characteristics. 

| 6 I Intensity, active-high TTL video signal 

MODE 7 I The mode signal controls the monitor high- or low-scan mode. During a mode change, 


both horizontal and vertical sync are suppressed for up to 16 vertical frames. The 
mode signal is high for the low-scan mode and low for the high-scan mode. 


R 3 I Red, active-high TTL video signal. 
Signal Ground 1,2 - TTL signal reference. 
VS 9 I Vertical sync is an active high TTL signal in both level and drive characteristics. 


Refer to the waveform section for the timing characteristics. 


Key 
we Pin Signal 
Signal Pin pm signe) ; +12 Vde 
| G 1 Signal Ground 2 CHASSIS GROUND 
i 3 SIGNAL GROUND 
MODE 7 2 Signal Ground 
3 R 
HS 8 
VS 9 i : 
5 B 
¢—— Chassis Ground CHASSIS GROUND 
Figure 13-11. COMPAQ Dual-Mode Monitor Figure 13-12. COMPAQ Dual-Mode Monitor 


Signal Connector Power Connector 
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13.2 OTHER COMPAQ MONITORS 


COMPAQ monitors other than the COMPAQ Dual-Mode Monitor each have individual technical reference guides. To obtain 
these manuals, contact your Authorized COMPAQ Computer Dealer. 
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COMPAQ 300-/600-MEGABYTE FIXED DISK DRIVE EXPANSION UNIT 


15.1 INTRODUCTION 


The COMPAQ 300-/600-Megabyte Fixed Disk Drive 
Expansion Unit is an option available for the 12-MHz 
DESKPRO 286 Personal Computer. This option provides 
greatly expanded mass storage to meet the needs of 
advanced applications, mainframe communications, 
multi-user systems, and networking activities. 


Figure 15-1 shows the fixed disk drive expansion unit 
and Figure 15-2 shows a block diagram of this 
expansion system. 
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Figure 15-1. COMPAQ 300-/600-Megabyte Fixed Disk 
Drive Expansion Unit 
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Addendum 114271-001 (12-88) 
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As shown below the expansion unit comes with an external ESDI interface adapter board and an external ESDI 
controller board. 


12—MHz Fixed Disk Drive 
Deskpro 286 Expansion Unit 


External 


External ESD] 
ESD] Interface 


Controller Adapter 


Board a Board 
Interface Cable 


Figure 15-2. COMPAQ Fixed Disk Drive Expansion Unit System Block Diagram 


COMPAQ 300-/600-Megabyte Fixed Disk Drive Expansion Unit 15-3 


15.2 FEATURES 


The expansion unit holds one standard and one 
optional COMPAQ 300-Megabyte Fixed Disk Drive. A 
total of two expansion units may be used with the 
80286-Based Personal Computer. 


The 300-megabyte fixed disk drives are controlled by 
the COMPAQ 1:1 interleave buffered ESDI External 
Fixed Disk Drive Controller. Data retrieval time is 
reduced by a forward reading buffer and 1:1 
interleave. Data-transfer rate is 10 Mb/s. 


Performance is also enhanced with MS DOS Version 3.3, 
as published by Compaq Computer Corporation. It 
enables each 300-megabyte fixed disk drive to be 
formatted as a single logical drive, providing the 
capability to create or download files up to the 
total capacity of the fixed disk drive. 


1.2 Gigabytes Maximum Storage 
Capacity 


Two expansion units, each holding two 300-megabyte 
fixed disk drives, may be combined to offer a total 
of 1.2 gigabytes of mass storage. 
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LAN Fault Tolerant Configuration 


The expansion unit offers an ideal platform for 
specialized software design to address the high fault 
tolerance requirements of LAN (Local Area Network) 
operation. Two configurations that address those 
requirements are referred to as disk mirroring and 
disk duplexing. Disk mirroring and disk duplexing 
provide integrity of data on two fixed disk drives 
with duplicate read and write actions. These 
configurations also provide quicker read response 
time, since the first drive to access the data 
provides the read. 


Disk Mirroring 


In disk mirroring, two identical fixed disk drives 
use the same ESDI controller. Mirroring ensures that 
data integrity is maintained; should a data fault 
occur on the primary fixed disk drive, the system can 
continue to function using the secondary fixed disk 
drive and the data duplicated there. 
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Disk Duplexing 15.3 HARDWARE CONSIDERATIONS 
Disk duplexing, therefore, provides the highest The COMPAQ 300-/600-Megabyte Fixed Disk Drive 

degree of fault tolerance and system reliability, as Expansion Unit comes with an external ESDI controller 
well as increased performance in write operations. board and an external ESDI interface adapter board. 


Disk duplexing requires two fixed disk drive 
controllers and two identical fixed disk drives. 


External ESDI Controller Board 


The ESDI controller board, which fits in an expansion 
slot of the personal computer, is required when using 
one or two 300-megabyte fixed disk drives mounted in 
an expansion unit. Figure 15-3 shows a block diagram 
of the ESDI controller board. 


COMPAQ 300-/600-Megabyte Fixed Disk Drive Expansion Unit 15-5 
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MICROPROCESSOR 


DATA—— 


HIGH ORDER 8YTE DATA BUFFERS 
LLLLLLLLLL LL BND LATCHES 


RAM ADDRESS 


EXPANSION 
BUS CONNECTOR 


COPY 
ee BUFFER 


Figure 15-3. External ESDI Controller Board Functional Block Diagram 
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The external ESDI controller board conforms to the 
ESDI standard of signal, connector, and command 
protocols, and includes the following features: 


= 1:1 interleave with 16-Kbyte buffer 


» 56-bit Error Correction Code (ECC) polynomial for 
error detection and correction 


#" On-board diagnostics 


The external ESDI controller board supports all 
commands and uses the same registers discussed in 
Chapter 6. The Write Precompensation Cylinder 
register (1/0 address 1Fih) is reserved, however, 
since write precompensation is not programmable 
on the ESDI controller. An additional register 
unique to the external ESDI board is described in 
Section 15.4. 


The external ESDI controller board uses one of two 
addresses (primary or secondary) available to the 
DESKPRO 286 CPU for fixed disk drive operation. The 
external ESDI controller board can be configured for 
either address (refer to Section 15.6). 


Table 15-1 shows the possible configurations 
and fixed disk drive board requirements for 
286-based products. 


Table 15-1. Fixed Disk Drive Controller Board 
Requirements For 300-Megabyte Fixed 
Disk Drives 
Fixed Disk Drive Controller 


Configuration Board Required 
External 300 MB 1 ESOI board 


External 600 MB 1 ESDI board 
External 900 MB 2 ESDI boards 


or 1200 MB (two expansion units) 
NOTES 1. Expansion unit not used. 


2. With two external ESDI controller boards 
installed, Winchester Controller on FSPW 
board must be disabled (FSPW switch SW500-3 
in ON position). 


Since only two I/0 addresses are available to the CPU 
for fixed disk drive operation, no more than two 
fixed disk drive controllers can be active in the 
personal computer, with each controller configured 
for a different address (refer to note 2 in 

Table 15-1). 
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External ESDI Interface Adapter Board 


The 300-/600-Megabyte Fixed Disk Drive Expansion Unit comes with the expansion interface adapter board installed. 
This board provides an interface between the one or two 300-megabyte fixed disk drive(s) in the expansion unit and 
the external ESDI controller board mounted in the PC. Figure 15-4 shows a functional block diagram of the 
expansion interface adapter circuitry. 


WRITE WRITE WRITE 
DATA CLOCK WRITE / DATA CLOCK DRV@ DATA CLOCK 

READ READ READ - LATCH READ 

DATA /CLOCK DATA DATA /CLOCK DATA /CLOCK 


BUFFER 


DRIVE 1 
CONNECTOR 
ENABLE @ 
DRIVE 
DRS1- SELECTOR : 
AME— 
ENABLE 1 
WRITE 
DRV1 DATA/CLOCK 
LATCH READ 
DATA/CLOCK_ 
DRIVE 2 
CONNECTOR 
DRIVE CONTROL/STATUS 
44—PIN 1/0 
CONNECTOR ESDI DRIVE 


CONTROL CONNECTOR 


Figure 15-4, External ESDI Interface Adapter Board Functional Block Diagram 
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15.4 SOFTWARE 
CONSIDERATIONS 


NOTE: The 300-/600-megabyte fixed disk drive 
expansion unit requires that the 12-MHz 
DESKPRO 286 either have system ROM revision 
P.1G (or later) installed, or uses the MS-DOS 
driver EXTDISK.SYS. The system ROM revision 
level can be determined by using the ROMREV 
program on the DIAGNOSTICS diskette. 


The expansion unit requires that the current system 
ROM INT 13h Fixed Disk Drive I/0 interface allow 
support of a fixed disk drive controller set to 
alternate address (170h-177h). The MS-DOS driver 
EXTDISK.SYS provides this support for older system 
ROM revisions. 


To determine if INT 13h support for the alternate 
fixed disk drive adapter is present, execute an INT 
13h with AH = O8h (Get Drive Parameters) and 

DL = 82h. If support is present, then the carry flag 
is not set on return (CF = NC), otherwise the carry 
flag is set (CF = CY). 


To determine the number of fixed disk drives 
supported by INT 13h, calling INT 13h with AH = 08h 
and DL = 80h will return the number of drives on the 
primary fixed disk drive adapter in DL (0...2). In 
addition, calling INT 13h with AH = 08h and DL = 82h 
will return the number of drives on the alternate 
fixed disk drive adapter in DL (0...2). Drives on 
the primary adapter are accessed as 80h and 8lh. 
Drives on the secondary are accessed as 82h and 83h. 
If one fixed disk drive is on the primary adapter and 
one fixed disk drive on the alternate adapter, then 
drives 80h and 82h are present. 


Functions AH = 88h, Get Pointer to Fixed Disk Drive 
Parameter Table, and AH = 89h, Set Pointer to Fixed 
Disk Drive Parameter Table, provide access to the 
Fixed Disk Drive Parameter Tables for drives 82h and 
83h much like INT 41h and INT 46h provide pointers to 
the Fixed Disk Drive Parameter Tables for drives 80h 
and 81th. 
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INT 13h Fixed Disk Drive I/O Changes 


For all INT 13h 1/0, drives 82h and 83h will access 
drives 0 and 1 of the alternate fixed disk drive 
adapter. If the requested drive is not 82h or 83h, 
control is passed to the old INT 13h handler. 


INT 13h, AH = OOh - Reset 


If OL is 82h or 83h on entry, the alternate and the 
primary fixed disk drive controllers are reset. If 
DL is 80h or 8lh, the primary fixed disk drive 
controller is reset, but the alternate fixed disk 
drive controller is not. 


INT 13h, AH = 02h, 03h, 04h, O5h - Read Sectors/Write 
Sectors/Verify Sectors/Format Track 


There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 


INT 13h, AH = O8h - Get Drive Parameters 


If DL is 80h or 8lh on entry, Get Drive Parameters 
will return in DL, the number of drives on the 
primary fixed disk drive controller. The number 

of fixed disk drives on the alternate fixed disk 
drive controller will be returned if DL is 82h or 83h 
on entry. 
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INT 13h, AH = 09h - Set Drive Parameters 


There is no change except that drives 82h and 83h set 
the drive parameters for the fixed disk drives on the 
alternate fixed disk drive controller. 


INT 13h, AH = OAh, OBh - Read Long/Write Long 


There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 


INT 13h, AH = O0Ch - Seek Cylinder 


There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 


INT 13h, AH = ODh - Alternate Disk Reset 


There is no change except that drives 82h and 83h 
cause the alternate fixed disk drive controller to 
be reset. 
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INT 13h, AH = OEh, OFh - Reserved 
INT 13h, AH = 10h, Lllh - Test Drive 
Ready/Recalibrate Drive 


There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 


INT 13h, AH 12h, 13h - Reserved 


INT 13h, AH = 14h - Controller Diagnostic 

There is no change except that drives 82h and 83h 
will cause the controller diagnostic to be performed 
on the alternate fixed disk drive controller. 


INT 13h, AH = 15h - Get Type of Drive 


There is no change except that drives 82h and 83h 
return the drive type and capacity (in sectors) for 
the fixed disk drives on the alternate controller. 


New INT 13h Fixed Disk Drive I/O Calls 


INT 13h, AH = 88h - Get Pointer to Fixed Disk Drive 
Parameter Table and Drive Count 


Returns a pointer to ES:BX to the fixed disk drive 
parameter table for drive 82h or 83h, the number of 
fixed disk drives on the alternate fixed disk drive 
adapter in AL, and the hardware interrupt number (11, 
12, 14, or 15) in CL. 


INPUT: 


AH AIIM 


0 
CXELLLLIL ITLL ITAL TTT TTT TTA TTT TT 


DHI//SITTTTTTLTT TT DRIVE 


Where DL = 82h or 83h 


AL 


DL 
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OUTPUT: CL = IRQ (11, 12, 14, or 15) 


AH # DRIVES AL 
BX OFFSET OF POINTER 
Or CNTLR INT CL 


LE 
rs[____SEGHENT OF POINTER] 


All other registers are preserved. 


DX 


If INT 13h support is not present for drives 82h and 
83h, then AH is set to Olh (bad command) and the 
carry flag is set to CY on return. The drive count 
returned in AL is the number of drives sensed during 
the power-on self-test routines. 
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INT 13h AH = 89h - Set Pointer To Fixed Disk Drive 
Parameter Table and Drive Count 


Sets the pointer from ES:BX to the Fixed Disk Drive 
Parameter Table for drive 82h or 83h and the 

number of fixed disk drives on the alternate fixed 
disk drive adapter. 


INPUT: 


AH # DRIVES 


BX OFFSET OF POINTER 
CXYSSTLTTTTLTTTTT TTT TTT AT TTT 


).4 VATE 
cs[_ SEGMENT OF PornTeR | 


Where DL = 82h or 83h 


AL 


DL 


OUTPUT: 


AH 8Sh_ | DRIVES 


BX OFFSET OF POINTER 
CXELLLLLTLTTTTTTT TTT TTT TTA TTT 


OXI IT TT S| RIVE 
ES[___ SEGMENT OF POINTER i 


All registers are preserved. The drive count being 
set by AL is analogous to setting the primary fixed 
disk drive adapter count at 40:75. 


AL 


OL 
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Interrupt Support 


The interrupt for the fixed disk drive controller 
shipped with an expansion unit can be selected with a 
switch located on the external ESDI controller board. 
In addition, the interrupt can be changed via 
software. The INT 13h of EXTDISK.SYS will use the 
interrupt selected by the ESDI switch settings (refer 
to Section 15.6). If IRQ14 is selected, additional 
overhead in INT 13h will be incurred because the 
primary fixed disk drive controller must be disabled 
before an interrupt from the alternate fixed disk 
drive adapter can occur. 


The ESDI Interrupt configuration register (address 
11Flh) determines interrupt control of the 

ESDI fixed disk drive controller. This register 
enables one of four interrupts that are 
hardware/software selectable. 


The bits in this register are as follows: 


BIT 
76543210 
Software IRQ11 Enable (Write/Read) 


= Software IRQ12 Enable (Write/Read) 
1 = Software IRQ14 Enable (Write/Read) 
1 = Software IRQ15 Enable (Write/Read) 


O=Power-on default IRQ11 Enable 
(Read only) 


0=Power-on default IRQ12 Enable 
(Read only) 


O=Power-on default IRQ14 Enable 
(Read only) 


0=Power-on default IRQ15 Enable 
(Read only) 


Ir 


At power-on, the settings of switch SW500 (Table 
15-5) are used by register bits four through seven 
to select the interrupt enable. The first write 
to the register, however, overrides the switch 
SW500 settings, and the value written into bits 
zero through three is then used to select the 
interrupt enable. 


A read to this register will yield either the 
power-on default setting if a write has not yet 
occured, or the software setting if a write 

has occured. 
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CMOS RAM Bytes 1Bh and 1Ch 


CMOS RAM bytes 1Bh and 1Ch are used to contain the 
fixed disk drive types for drives 82h and 83h 
respectively. If CMOS RAM byte 1Bh is 00h, drive 82h 
is assumed to be not present; if CMOS RAM byte 1Ch is 
OOh, drive 83h is assumed to be not present. 
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15.5 CONNECTORS 


Connectors for the expansion unit are located on two 
separate boards, the external ESDI interface adapter 
board and the external ESDI controller board. The 
external ESDI interface adapter board is mounted 

in the expansion unit. The external ESDI controller 
board is mounted inside the 12-MHz DESKPRO 286 
Personal Computer. (See Figures 15-5, 15-6, and 
15-7.) 


The connectors mounted on the external ESDI 

interface adapter board are identical to those found 
on the ESDI portion of the FPSE controller board 

used to contro] internally mounted 300-megabyte fixed 
disk drives. 


The external ESDI controller is connected to the 
expansion unit by means of a multiconductor cable via 
the 44-pin expansion interface connector. 
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Figure 15-5. External ESDI Interface Adapter Board 
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Figure 15-6. External ESDI Controller Board 


Signal 

GND— 
DOSLTD— 
DiSLTD— 

GND 

WCLK+ 
WCLK— 

GND 
DOCHOCMPLT— 
D1CMBCMPLT— 
GND 

RCLK+ 

RCLK— 

GND 

cSD- 


ATN= 


Figure 15-7. 
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Signal 
GNDB 
WDATA+ 
WDATA- 
GND 
scT— 
INDEX— 
GND 
RDATA+ 


RDATA— 


Signol 
GND 
CM@DAT— 
RG- 
GND 
HS@- 
HS1— 
HS2— 
HS3- 
GND 
WG- 
GND 
READY— 
AME— 


GND 


44-Pin Expansion Unit Interface 
Cable Connector 


Table 15-2 contains the pin descriptions and signal 
functions for this connector. 
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Table 15-2. 44-Pin Expansion Cable Signal 
Description 

Signal Pin 1/0 ___ Description 

DOSLTD- 2 I Lines that indicate 
the drive currently 
selected 

DISLTD- 3 I 

WCLK+ 5 0 A differential clock 
pair used for writing 

WCLK- 6 0 data bits to the drive 

DOCMDCMPLT- 8 I Status lines that 
indicate command 
completion from 

DICMDCMPLT- 9 ] a drive to the 
controller 

RCLK+ sal I A differential clock 
signal used for reading 

RCLK- 12 ] data bits from a drive 

CSD- 14 I] Configuration/Status 
Data (serial) present 
on this line from a 
drive, at the request 
of the controller 

ATN- 15 It A signal from a drive 


indicating the drive 
wishes the controller 


to request its status 


WDATA+ 


WDATA- 


17 


18 


) 


0 


A differential pair 
that defines the 
data to be written 
to the drive 


NOTE: I/O direction is defined using the controller 
as the signal source; therefore, INPUT or 
OUTPUT is to or from the controller 


respectively. 


(Continued) 
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Table 15-2. (Continued) 
Signal Pin 1/0 
SCT- 20 I] 
INDEX- 21 I 
RDATA+ 23 if 
RDATA- 24 ] 


Description 

Signal that 

indicates the 
beginning of a sector 
Signal that indicates 
the beginning of a track 
Data recovered by 
reading previous 
written information is 
transmitted to the 
controller via this 


differential pair 


XACK- 26 I 
TXREQ- 2] 0 
DSO- 29 0 
DS1- 30 0 


Line from a drive 
indicating that a 
TXREQ- has been 
acknowledged and 

valid data transferred. 
All transfers handshake 
with TXREQ- and XACK- 
Line from the 
controller requesting 
that one bit of data be 
transferred from the 
drive to the 
controller. All 
transfers handshake 
with TXREQ- and XACK- 
These bits provide the 
binary coded drive 
select address 


NOTE: I/O direction is defined using the controller 
as the signal source; therefore, INPUT or 
OUTPUT is to or from the controller 


respectively. 


(Continued) 


Description 

When a command is 
issued to the drive, 16 
information bits of 
serial data, plus 
parity, are sent to the 
drive via this line 
Signal that allows data 
to be read from the 
disk (READ GATE) 

Lines that allow 
selecting individual 
read/write heads in a 
binary code sequence 


Signal that allows data 
to be written to a disk 
(WRITE GATE) 

Signal from a drive 
that the spindle is up 


ee ee CS) | 


Table 15-2. (Continued) 
Signal Pin 1/0 
CMDDAT- 32 0 
RG- 33 0 
HSO- 30 0 
HS 1- 36 0 
HS2- 37 0 
HS3- 38 0 
WG- 40 0 
READY - 42 ] 
AME- 43 0 
GND- i 4, /, 

10, 13,16, 19, 

22, 25,28, 3, 

34, 39,41, 44. 


The trailing edge of 
this signal, with the 
WRITE GATE- asserted, 
initiates writing the 
sync field on the drive 
Signal Return 


NOTE: I/0 direction is defined using the controller 
as the signal source; therefore, INPUT or 
OUTPUT is to or from the controller 


respectively. 


Figure 15-8 shows the ESDI connector on the External 


Interface Adapter board. 


Signal Pin Signal 


HEAD SELECT 23 - 
HEAD SELECT 22 - 
WRITE GATE- 
GROUND CONFIG/STATUS DATA- 
TRANSFER ACK— 
ATTENTION- 

HEAD SELECT 29 — 
SECTOR— 

HEAD SELECT 2! - 
INDEX— 

READY— 

TRANSFER REQ- 
GROUND DRIVE SELECT @— 
DRIVE SELECT 1- 
Reserved 


READ GATE- 


Figure 15-8. SDI (Drive Control) Cable Connector 


Table 15-3 shows the pin/signal descriptions for this 
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Table 15-3. 34-Pin ESDI Connector Signal Description 


Pin 
Signal (note) I/0 Description 
HEAD SELECT 23- 2 I Lines that allow 
22- 4 ] selecting individual 
20- 14 I read/write heads in a 
2l1- 18 I] binary code sequence 
WRITE CATE- 6 I] Allows data to be 
written on the disk 
CONF IG/ 8 0 Serial data received in 


STATUS DATA- 


a 16-bit plus parity 
format from controller. 


TRANSFER ACK- 10 0 Line from the drive 


ATTENTION- 


SECTOR- 


INDEX-~ 


connector. All I/0 designations are with respect to 


the drive. 


indicating that a 
transfer request has 
been acknowledged and 
valid data transferred. 
All transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK- 

12 0 Signal from the drive 
indicating the drive 
wants the controller to 
request its stauts 

16 0 Indicates the beginning 
of a sector 

20 0 Indicates the beginning 
of a track 


NOTE: All odd numbered pins are ground. 


(Continued) 
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Table 15-3. (Continued) 


Pin 
Signal (note) 1/0 Description 
READY - 22 0 Signal indicates only 


that the spindle is up 


to speed 
TRANSFER REQ- 24 I Line from the 
controller requesting 
that one bit of data be 
sent between the drive 
and the controller. 
All transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK-. 
These bits provide the 
binary-coded drive 
select address. 


DRIVE SELECT 1- 26 ] 
DRIVE SELECT 2- 28 I 


READ GATE- 32 If Signal allows data to 
be read from the disk 
COMMAND DATA 34 if A command issued ina 


serial 16-bit plus 


parity format. 
RESERVED 30 


NOTE: All_odd_ numbered pins are ground. 


Figure 15-9 shows the drive (1 or 2) connector on the 
External Interface Adapter board. 


Signal Signal 


DRIVE SELECTEO— SECTOR-— 


COMMAND COMPLETE-— ADDRESS MARK ENABLE- 
SIGNAL GROUND SIGNAL GROUND 
+WRITE CLOCK —WRITE CLOCK 
RESERVED +READ/REFERENCE CLOCK 
—READ/REFERENCE CLOCK SIGNAL GROUND 
+NRZ WRITE DATA ~NRZ WRITE DATA 
SIGNAL GROUND SIGNAL GROUND 
+NRZ READ DATA —NRZ READ DATA 


SIGNAL GROUND RESERVED 


Figure 15-9. DRIVE 1/DRIVE 2 Data Cable Connector 


Table 15-4 shows the pin/signal descriptions for this 
connector. All I/O designations are with respect to 
the drive. 


Table 15-4. 
Signal Pin 
DRIVE 1 
SELECTED- 
SECTOR- 2 
COMMAND 3 
COMPLETE- 
ADDRESS 4 
MARK ENABLE- 
+READ/ 10 
REFERENCE 

CLOCK 

-READ/ 11 
REFERENCE CLOCK 
+NRZ WRITE 13 
DATA 

-NRZ WRITE 14 
DATA 

+NRZ READ 17 
DATA 

-NRZ READ 18 
DATA 
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DRIVE 1/DRIVE 2 Data Cable 
Connector Signal Descriptions 


1/0 Description 


A status line provided to 
inform the controller system 
of the selection status of 

the drive 

Indicates the beginning of 
sector 

A status line that indicates 
command completion to the 
controller 

The trailing edge of this 
signal with the WRITE GATE- 
asserted initiates writing the 
sync field on the drive. 
Differential clock signal used 
for reading data bits from the 
drive. 


A differential pair that 
defines the data to be written 
on the track 


Data recovered by reading 

previously written 

information is transmitted 

to the controller via this 

this differential pair. 
(Continued) 
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Signal Pin 1/0 Description 
+WRITE CLOCK 7 


-WRITE CLOCK 8 


A differential] pair of clocks 
used for writing data bits to 
the drive. 


Signal returns 
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15.6 SWITCHES 


The external ESDI controller board and the FPSE 
controller board located in the 12-MHz DESKPRO 286 
Personal Computer have switches which allow 
configuring the expansion unit. Switch positions and 
functions for switch SW500 of the FPSE controller 
board are shown in Chapter 6, Table 6-8. 


The location of switch SW500 on the external ESDI 
controller board is shown in Figure 15-6. 


Switch settings for the external ESDI controller are 
listed in Table 15-5. There are no switches or 
jumpers on the expansion interface board. 


Table 15-5. External ESDI Controller Board Switch 
SW500 Description 


Switch Number Function 

1 Controller Address 

{note 1) SW500-1 = OFF, Primary Address 
SW500-1 = ON, Secondary Address 

2 & 3 Power-On Default Interrupt 


(note 2) SW500-2 = ON, -3 = ON, IRQ]] 
SW500-2 = OFF, -3 = ON, IRQI2 
SW500-2 = ON, -3 = OFF, IRQL4 
SW500-2 = OFF, -3 = OFF, IRQI5 


NOTES: 1. When using two fixed disk drive controller 


boards, each board should be configured to 
a different address. 

2. The interrupt determined by these switch 
settings can be overridden by writing to 
the ESDI Interrupt Configuration register 
on the controller board. 
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15.7 SCHEMATICS 


The schematics for the external ESDI interface adapter board are shown in Figure 15-10 and the schematics for the 
external ESDI controller board are shown in Figure 15-11. 


Compaq Computer Corporation does not guarantee the accuracy of the schematics. They are provided to aid ina 
general understanding of the operation of the controller boards. 


8 7 6 3 4 3 2 1 


NOTES UNLESS OTHERWISE SPECIFIED: 


ALL RESISTORS ARE 174 WATT. 5% 

ALL CAPAC(TORS ARE SOV. +80/-20% ANO IN HICROFARADS. 

CHASSIS GROUNO [S BROUGHT ONTO THE BOARO THROUGH THE HOUNT[NG BRACKET. 

C7 ANO R20 ALLOW AC COUPLING. DC COUPLING. OR [SOLATION OF CHASSIS 0 
ANO SIGHAL GROUND. AS AN ENCINEERING OPTION. ONCE THE OPTIMUN 

GROUNDING CONFICURATION HAS BEEN DETERMINED, THE BILL OF MATERIALS 


WILL REFLECT [INSTALLATION OF ONLY C7 OR R20, HOT BOTH. OR OMISSION 
OF BOTH COMPORENTS IF GROUHO ISOLATION IS REQUIRED. 


aww 


fom) 


PYwROK 


iP330 
3ytn = vourle 
ADJ 


Pwe: O0O1090 
ASSY: QO1088 


Figure 15-10. Schematic of the External ESDI Interface Adapter Board (Page 1 of 2) 
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Figure 15-10. Schematic of the External ESDI Interface Adapter Board (Page 2 of 2) 
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NOTES UNLESS OTHERWISE SPECIFIED: 

1. ALL RESISTORS ARE 1/4W, SZ. 

2. ALL CAPACITORS ARE SOV. +80/-207 ANO [NM HICROFARADS. 

3. CHASSIS GROUND [S BROUGHT ONTO THE BOARD THROUGH THE MOUNTING BRACKET. 
4, SWITCH SwWS500. POSIT(ONM 1 SELECTS THE CONTROLLER ADORESS, AS FOLLOWS: 


OPEN/OFF: PRIMARY ADORESS 
CLOSEO/ON: SECOMOARY ADDRESS 


SWITCH SW500, POSITIONS 2 ANO 3 SELECT THE POWER UP DEFAULT INTERRUPT 
FOR THE BOARD. THIS DEFAULT CAN BE OVERRIDOEN BY wRITINC THE 

CONF ICURATION REGISTER ON THE BOARD. THE OEFAULT SWITCH SETTINGS ARE 
AS FOLLOWS: 


POSIT(On 3 POSITION 2 


OPEN/OFF OPEN /OFF [ROIS 
OPEN/ OFF CLOSED/ON {RO14 
CLOSEO/OH OPEN/OFF [ROl2 
CLOSEO/0OH CLOSEO/ON [ROIt 


THE CONFIGURATION REGISTER [S LOCATED AT ADORESS LIFI HEX. THE FIRST 
WRITE TO THIS REGISTER FOLLOWING POWER UP RESET DISABSLES THE DEFAULT 
INTERRUPT SELECTION MADE BY Sw500. THE BITS IN THIS REGISTER ARE AS 
FOLLOWS: 


GIT O: [ROLL SOFTWARE EtABLE BIT 4: SWITCH IROL! ENABLE- 
BIT 1; ([RO12 SOFTWARE ENABLE BIT 5S: SWITCH [RO12 ENABLE- 
B(T 2: [RO14 SOFTWARE ENABLE BIT 6: SWITCH LROL4 ENABLE- 
BIT 3: IROiS SOFTWARE ENABLE SIT 7: SWITCH [ROLS ENABLE- 


BITS O THROUGH 3 ARE BOTH READABLE ANO WRITABLE. ANO BITS 4 THROUGH 7 
APE REAO ONLY. 


C40 ANO RSO ALLOW AC COUPLING. OC COUPLING. OR ISOLATION OF CHASSIS 
ANO SIGNAL GROUHO. AS AN ENGINEERING OPTION, ONCE THE OPTIMUM 
CROUNO(NG CONFIGURATION HAS BEE DETERMIt€0. THE BILL OF MATERIALS 
WELL REFLECT INSTALLAT(ON OF Otay C40 OR R50, NOT BOTH. OR OMISSION 
OF BOTH COMPONENTS [F GROUND ISOLATION IS REQUIRED. 


THE PW IS LAYED OUT TO ALLOW [NSTALLATION OF RAM (HN ELTHER .6" OR 
. 3” WIDE OIPs. 


SPARES 


Pw8: O01093 
assy: O0O1091 


Figure 15-11. Schematic of the External ESDI Controller Board (Page 1 of 5) 
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COMPAQ 300-/600-Megabyte Fixed Disk Drive Expansion Unit 15-27 


Addendum 114271-001 (12-88) 
To Manual No. 102789-001 


eee eee 


PAB. ZA1. 445 HST - 
40a _ 106! 


Figure 15-11. Schematic of the External ESDI Controller Board (Page 5 of 5) 


Chapter 16 
2400 BAUD 


= 
3 
> 
e 
= 
© 
=, 
= 
= 


TABLE OF CONTENTS 


CHAPTER 16 Addendum 114271-001 (12-88) 
2400-BAUD INTERNAL MODEM To Manual No. 102789-001 
16.1 INTRODUCTION 16-1 
Functional Description 16-1 
COM1/COM2 Selection 16-3 

16.2 MODEM COMMANDS AND RESULT CODES 16-3 
16.3 MODEM OPERATION REGISTERS 16-6 
Viewing the Current Value of a Register 16-7 

Viewing the Current Values of More Than One Register 16-7 

Changing the Value of a Register 16-8 

Returning to User NVRAM Configuration 16-8 

Returning to Original Factory Configuration 16-8 

Register Descriptions 16-9 

OQ - Ring to Answer Qn 16-10 

1 - Ring Count 16-10 

2 - Escape Code Character 16-11 

3. ~- Carriage Return 16-11 

4 - Line-Feed Character 16-12 

5 _- Backspace Character 16-12 

6 - Wait For Dial Tone 16-13 

7 - Wait for Carrier after Dialing 16-13 

8 - Pause Time for Comma 16-14 

9 - Carrier Detect Response Time 16-14 

10 - Delay Between Carrier Loss and Hang-Up 16-15 

11 - Dual-Tone Multifrequency (DTMF) Dialing Speed 16-15 

12 - Escape Code Guard Time 16-16 

13 - Reserved 16-16 

14 - Bit Mapped 16-16 

15 - Reserved 16-17 


16 - Bit Mapped 16-17 


TABLE OF CONTENTS (Continued) Addendum 114271-001 (12-88) 
To Manual No. 102789-001 


16.3 MODEM OPERATION REGISTERS (Continued) 


17 - Reserved 16-18 

18 - Test Timer 16-18 

19 - Reserved 16-18 

20 - Reserved 16-18 

21 - Bit Mapped 16-18 

22 - Bit Mapped 16-19 

23 - Bit Mapped 16-19 

24 - Reserved 16-20 

25 - Delay to Data Terminal Ready 16-20 

26 - RTS to CTS Delay 16-20 

27 - Bit Mapped 16-20 
16.4 PROGRAMMING INFORMATION 16-21 
Programming Guidelines 16-21 
Selecting Interface Parameters 16-22 
Local 16-22 
Remote 16-23 
Programming Example 16-25 
Selecting Valid Character Formats 16-25 
Character Format and Transmission Rate 16-26 
Valid Formats at 300, 1200, and 2400 bits/sec 16-26 
Valid Formats at 300 bits/sec Only 16-26 
Detecting Transmission Rate 16-27 


Changes in Speed and Format 16-27 


TABLE OF CONTENTS (Continued) Addendum 114271-001 (12-88) 
To Manual No. 102789-001 


16.5 UART REGISTERS 16-28 
Divisor Latch - Least-Significant Byte 2F8h (COM2], 3F8h [COM1], (Read/Write) 16-29 
Receiver Buffer 2F8h [COM2], 3F8h [COM1], (Read Only) 16-29 
Transmitter Holding 2F8h [COM2], 3F8h [COM1], (Write Only) 16-30 
Divisor Latch - Most-Significant Byte 2F9h [COM2], 3F9h [COM1], (Read/Write) 16-30 
Interrupt Enable 2F9h [COM2], 3FOh [COM1], (Read/Write) 16-31 
Interrupt Identification 2FAh [COM2], 3FAh [COM1], (Read Only) 16-32 
Line Control 2FBh [COM2], 3FBh [COM1], (Read/Write) 16-33 
Modem Control 2FCh [COM1], 3FCh [COM1], (Read/Write) 16-34 
Line Status 2FDh [COM2], 2FDh [COM1], (Read Only) (Bit <0>, Read/Write) 16-35 
Modem Status 2FEh [COM2], 3FEh [COM2],(Read Only) 16-36 
Scratch Pad 2FFh [COM2], 3FFh [COM1], (Read/Write) 16-37 


16.6 MODEM CONNECTOR 16-37 


Chapter 16 
2400-BAUD INTERNAL.MODEM 


16.1. INTRODUCTION 


The 2400-Baud Internal Modem is a Hayes compatible 
modem that uses standard Bell and CCITT protocols and 
speeds. Information contained in this chapter can be 
used as a programming reference in developing 
software to allow communication between the COMPAQ 
80286-Based Personal Computer and other computer 
services. The information can also be used to help 
determine the appropriate configurations and settings 
when using the 2400-Baud Internal Modem existing 
communications software. 


The 2400-Baud Internal Modem is compatible with the 
following standard protocols and speeds: 


® Bell] 103 at 300 bps 


CCITT V.21 at 300 bps 


Bell 212A at 1200 bps 


CCITT V.22 1200 bps (asynchronous) 


CCITT V.22 bis at 2400 bps (asynchronous) 


16-1 
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This chapter contains the following information about 
the 2400-Baud Internal Modem option; numbers indicate 
the number of the section which the indicated topic 
is discussed: 


= Modem functional description and block diagram; 
COM1/COM2 selection 


=" Modem commands and result codes [16.2] 
= Modem operation registers [16.3] 
= Modem programming information [16.4] 


= Universal asynchronous receiver/transmitter (UART) 
registers [16.5] 


™ Modem connector [16.6] 


Functional Description 


The modem connects to the system board via a 62 pin 
industry standard board edge connector. This 
connection provides signals to and from the system 
board as well as power to the modem. All signals are 
CMOS level. 


The modem is functionally equivalent to a Hayes 
internal modem. The UART of the internal modem is 
compatible with the National Semiconductor NS16C450 
UART used on COM adapters. 
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Once the modem is installed in the computer and 
connected to a telephone line, turning on the system 
unit power switch resets and automatically configures 
the modem for operation. For proper modem 
communications to occur, purchased communications 
software must first write a valid setup sequence to 
the modem UART. This sequence must include selection 
of the following parameters: 


= Baud Rate: 300, 1200, or 2400 


= Format: 7 or 8 data bits; start bits; stop bits; 
odd, even, or no parity 


The 2400 Baud Internal Modem utilizes the Hayes AT 
command set for computer/modem communications. This 
command set allows the 2400 Baud Internal Modem to be 
configured through software and thus eliminates 
setting switches. 


At power-on or modem reset, the modem goes into the 
command state and interprets the AT commands sent to 
it from the UART. These commands are used to 
configure, establish, and control a connection with a 
remote modem. 


When a connection is successfully made, the modem 
goes into the online state. In this state, data 
rather than AT commands are passed to the remote 
computer. The modem remains in the online state 
until an escape code is received; receipt of this 
code causes the modem to revert to the command state. 
The modem also reverts to the command state when the 
connection is broken by either the internal modem or 
the remote modem. 


Included as part of the AT command set are twenty 
eight 8-bit registers (0 through 27). The registers 
store operating instructions for the modem, such as 
timing parameters, counters, and ASCII values for 
frequently-used characters. 


Figure 16-1 shows a block diagram of the 2400 baud 
modem. 


Audio In 


Tip 


ANALOG 
CIRCUITS 


Address 
So 


Ring 


SIMULATION 


(ULL INTERFACE 


Control 


CONTROLLER 


Figure 16-1. Block Diagram of 2400 Baud 
Internal Modem 


COM1/COM2 Selection 


The modem (or another serial device) can be 
configured for either of two I/0 ports, COM] or COM2, 
for asynchronous (serial) communications devices, 
although only one device at a time can use COMI or 
COM2. COM1 and COM2 interrupt requests (IRQ) can 
also be addressed for either the internal modem or 
another serial device. COM2 is the default I/0 port 
for the 2400-Baud Internal Modem. 


COM1 or COM2 is hardware-selected by a switch on the 
modem labeled COM 1/2. 


COM1 uses the hex addresses 3F8h through 3FFh and 
generates an interrupt request on line IRQ4. COM2 
uses hex addresses 2F8h through 2FFh and generates an 
interrupt request on line IRQ3. If you change the 
1/0 port for the modem, be sure that you do not set 
the modem to occupy a COM port address that is 
already being used. 
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16.2 MODEM COMMANDS AND 
RESULT CODES 


Hayes-compatible commands and result codes are 
defined in Table 16-1 and Table 16-2 respectively. 


Table 16-1. Modem Commands 
Command Description 


Escape Commands: 
Prefix, Repeat, Escape 

AT Attention prefix: precedes al] command 
lines except A/ (repeat) and +++ 
(escape) commands. For command to 
function, both letters of prefix must 
be in either uppercase or lowercase. 

A/ Repeats last command line. A/ is not 
preceded by AT or followed by pressing 
the ENTER key. 

+++ Escape code: Allows you to go from 
online state to command state (1-second 
pause before and after escape code 
entry. +++ is not preceded by AT or 
followed by pressing the ENTER key. ) 

Selection of Mode of Operation Commands: 

BO CCITT V.22 bis (2400 bps) 
CCITT V.22 (1200 bps) 
CCITT V.21 (300 bps) 

*Bl Bell 212A (1200 bps) 
Bell 103 (300 bps) 
Dialing Commands: 

Dn Dial [n = any digits to dial]. 0-9 
are valid characters for pulse (rotary) 
or tone dialing; A,B,C,D, #, or * are 
valid characters for tone dialing only. 

NOTE: * denotes factory setting 
** NVRAM default 
(Continued) 
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Table 16-1. (Continued) 


Command Description 
*p Pulse (rotary dial) 
T Touch-tone 


; Pause (causes modem to pause for 2 
seconds before dialing) 

! Flash (used for PABX special features, 
such as call forwarding or cal] 


transfer) 
@ Wait for silence 
W Wait for second dial tone (often used 


when dialing through a PABX or when 
using a long distance telephone 


service) 
: Return to command state after dialing 
R Reverse mode (to call originate-only 
modem ) 
S Dial stored number 
Other Commands: 
A Answer call manually without waiting 
for ring 
EO Disable command echo; characters not 
echoed 
*E] Enable command echo; characters echoed 
FO Responds ERROR 
*F] Full duplex 
*HO On-hook (hang up) 
H1 Off-hook, (request off-hook) 
10 Request product ID code 
Il Request checksum 
12 Verify checksum (OK or ERROR) 
I3 Request ROM revision code 


NOTE: * denotes factory setting 
** NVRAM default 
(Continued) 


Table 16-1. (Continued) 


Command Description 
LO, Ll Low speaker volume 
i 2 Medium speaker volume 
L3 High speaker volume 
MO Speaker always off 
*M1 Speaker on until carrier detected 
M2 Speaker always on 
M3 Speaker on until carrier detected 
except during dialing 
00 Go to online state 
01 Go online and request retrain 
*02 Enable automatic request for retrain 
03 Disable automatic request for retrain 
*Q0 Result codes displayed 
Q1 Result codes not displayed 
r? Requests current value of register r 


and reports to host; r = 0-27 (number 
of registers) 


r=n Assigns a value n to register r 

VO Numerical result codes 
*V1 Word result codes 

Xn Result code selection 

X0 Basic result code set (0-4) 

X1 Extended result code set (0-5,10) 

X2 Add dial tone detection (0-6,10) 

X3 Add busy signal detection (0-5,7,10) 
*X4 Add dial tone and busy signal detection 

(0-7,10) 

*Y0 Long space disconnect disabled 

Yl Long space disconnect enabled 

Z Software reset: restores all NVRAM 


default settings 
NOTE: * denotes factory setting 
** NVRAM default 
(Continued) 


Table 16-1. (Continued) 


Command Description 
*&C0 Data carrier detect (DCD) always on 
**RC1 DCD ON only when data carrier is 
present 
*&D0 The modem ignores the data terminal 
ready (DTR) 
&D1 The modem assumes the asynchronous 


command state if an ON-to-OFF 
transition of DTR is detected 

**8D2 The modem hangs up, assumes the 
asynchronous command state, and 
disables auto-answer when an ON-to-OFF 
transition of DIR is detected 


&D3 A modem reset occurs when an ON-to-OFF 
transition of DTR is detected 
&F Modem loads default configuration from 


modem ROM firmware 


&G = Guard tone selection (CCITT) (used for a call 
from the United States to a European country) 


*&G0 No guard tone 

&Gl 550-Hz guard tone 

&G2 1800-Hz guard tone 

&J = Means of connection to telephone network 

*&J0 Typical USOC RJ11C telephone jack 

&J1 A/Al lead control; USOC RJ12/RJ13 jack. 


A/Al lead control not supported in 
hardware; however, the AT commands and 
S register status bit responds as if it 
were supported. 

&P = Make/break dial pulse ratio selection 

&PO United States/Canada ratio of 39/61 

&P1 UK/Hong Kong ratio of 33/67 

NOTE: * denotes factory setting 

** NVRAM default 
(Continued) 
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Table 16-1. (Continued) 


Command Description 
&R = Request-to-send (RTS) and clear-to-send 


selection (CTS) 
*&RO CTS follows RTS; responds with ERROR 
&R1 CTS is always on (modem ignores RTS); 
responds with ERROR 
&S = Data Set Ready (DSR) command 
*&S0 DSR always ON 
&S1 DSR complies with RS232C 


specifications; responds with ERROR 


&T = Test command 


*&T0 Terminates any test in progress 
&T1 Starts loca] analog loopback test 
&T3 Starts local digital loopback test 
&T4 The modem grants a request from a 


remote modem for remote digital 
loopback (RDL) 


&T5 The modem denies a request from a 
remote modem for RDL 

&T6 Starts remote digital loopback test 

&T7 Starts RDL with self-test 

&T8 Starts local analog loopback test with 
self-test 

&W Write (save) active (current) 
configuration to NVRAM 

&Zn Write (save) telephone number n to 
NVRAM 


NOTE: * denotes factory setting 


** NVRAM default 
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Table 16-2. Modem Result Codes 
Code Command Description 


0 OK Command line executed without error 
1 CONNECT Connected at 300 bps (Xl, X2, X3, X4 


commands) Connected at 300, 1200, 
or 2400 bps (X0 command) 

2 RING Ringing signal detected 

3 NO CARRIER Carrier signal not detected or lost 

4 ERROR I]legal command; error in command 
line; command line exceeds 
buffer (40 characters, including 
punctuation); cannot operate 
at 300 bps in CCITT V.22 mode; 
invalid character format 
at 1200 bps; invalid checksum 

5 CONNECT Connected at 1200 bps; (X1, X2, X3, 
X4 commands) 1200 

6 NO Dial tone not detected and 

DIALTONE subsequent commands not processed 

(X2, X4 commands) 


7 BUSY Busy signal detected and subsequent 
commands not processed (X3, X4 
commands ) 

8 NO Silence not detected and subsequent 

ANSWER commands not processed 


(@ dial modifier only) 


10 CONNECT Connected at 2400 bps (X1, X2, X3, 
X4 commands) 2400 


16.3 MODEM OPERATION 
REGISTERS 


Included as part of the AT command set are 
twenty-eight 8-bit registers (0-27) referred to as 
operation registers. Eight of these registers can be 
saved into NVRAM, so that during power-on or reset 
the configuration which the user defines is 
automatically loaded by the modem. Three modem 
configuration profiles can exist: 


= Factory Configuration: This configuration, saved 
in ROM, sets the modem into a state which most 
communications software can recognize. This 
configuration can become the active configuration 
by execution of the AT&F command. It can become 
The user configuration by execution of the AT&F&W 
command. 


= User Configuration: This configuration is the 
configuration saved in NVRAM. The user or the 
communications software package creates this 
configuration by changing the active configuration 
and then executing the AT&W command. 


= Active Configuration: This configuration consists 
of the current modem settings during a 
communication session. It can become the factory 
configuration if an AT&F command is executed, or 
it can be the user configuration if the settings 
have not been changed after a reset. 


This section provides general information about 
viewing the current value of a register, changing the 
current value of one or more registers, and returning 
all registers to their original default settings. 
This information is followed by detailed discussions 
of the 28 operation registers. 


Each register is assigned a default value at power-on 
and at modem reset. 


The value of a register is expressed as a string of 
ASCII characters. However, some communication 
software may have to convert the ASCII values into 
hexadecimal or other common notation when using the 
internal registers (and UART registers). 


NOTE: All register commands are preceded by 
typing the Jetters AT. All register commands 
are terminated by pressing the ENTER key. 
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Viewing the Current Value of a Register 


To see the current value of a register, follow these 
instructions: 


1. Type ATr? (r = the number of the register) 
2. Press the ENTER key 


The current decimal value of the specified register 
is displayed in ASCII. 


Viewing the Current Values of More Than 
One Register 


The values of several registers can be shown with one 
command. For example, to view the current decimal 
values in registers 0 and 7, follow these 
instructions: 


1. Type ATO?7? 
2. Press the ENTER key 


The ASCII value stored in each register specified is 
displayed in order. For example, the display shown 
in response to the command issued in Step 1 might be: 


001 
030 


This display indicates that 001 is stored in register 
0 and 030 is stored in register 7. 
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Changing the Value of a Register Returning to User NVRAM Configuration 
To change the current value of a register, follow To return to the user NVRAM configuration, follow 
these instructions: these instructions: 
1. Type ATr=n_ r = the number of the register; 1. Type ATZ 

n = the new decimal value to be entered in the 2. Press the ENTER key 

register. The valid values for n vary with the 

individual register. All registers are returned to the user configuration 
2. Press the ENTER key values. 
For example, to enter 030 in register 7, type NOTE: This command also breaks the connection 
AT7=030, then press the ENTER key. when the command is issued in conjunction 

with the escape code command (+++) while 

The value of n specified is entered in the named online. 
register. 


To store a programmed value to the user NVRAM 
configuration, follow these instructions: 


1. Type AT&W 
2. Press the ENTER key 


Returning to Original Factory Configuration 


To return to the original factory configuration, 
follow these instructions. 


1. Type AT&F 
2. Press the ENTER key 


Register Descriptions 


This section provides complete information on all 28 
Registers 0 through 12 and 18, 
Registers 14, 16, 


operation registers. 
25, and 26 can be set by the user. 
21 through 23, and 27 are bit-mapped and merely 

reflect parameters that have been set for the modem. 


The registers described in this section are: 


na CEO OO Se BD PM 


8 
9 


10 - Delay between carrier loss and hang up 


Ring to answer on 

Ring count 

Escape code character 

Carriage return 

Line-feed character 

Backspace character 

Wait for dial tone 

Wait for carrier after dialing 
Pause time for comma 


Carrier detect response time 


Eel 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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Dual-tone multifrequency (DTMF) dialing 
speed (DTR) 


Escape code guard time 
Reserved 

Bit mapped 

Reserved 

Bit mapped 

Reserved 

Test timer 

Reserved 

Reserved 

Bit mapped 

Bit mapped 

Bit mapped 

Reserved 

Delay to data terminal ready 
RTS to CTS delay 


Bit mapped 
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0 - Ring to Answer On 


Register 0 determines the number of times the 
telephone rings before the internal modem 
automatically answers the call. 


Value Range: 0 through 255 (number of rings) 
Default: 00 (the modem does not answer at all) 


If register 0 is set at the default (0), the internal 
modem does NOT automatically answer the telephone. 


When register 0 is set to a number greater than 0, 
the internal modem answers the telephone 
automatically (auto-answer) on the ring specified. 


1 - Ring Count 


Register 1 is a read-only register which works with 
register 0 to track the number of times the telephone 


rings. 
Value Range: 0 through 8 (number of rings) 
Default: 00 


When register 1 is a value greater than 0, and no 
ring occurs for 8 seconds, the register reverts to 
the default of O rings. 


2 - Escape Code Character 


Register 2 holds the ASCII value of the escape 
command. 


Value Range: 0 through 127 (ASCII) 
Default: 43 


If you are echoing remote modem commands, it is 
possible that your modem can be put into the command 
state accidentally while receiving a signal. This 
situation can be avoided by changing the value of 
your escape code. 


NOTE: Do not enter a value greater than 127. A 
value greater than 127 completely disables 
the escape command; that is, the modem does 
not recognize any commands, including the 
hang-up (HO) command. This situation would 


prevent you from breaking the connection, and 


you would be forced to wait for the other 
modem to disconnect. 
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3 - Carriage Return 


Register 3 holds the ASCII value that is transmitted 
to signify the end of line when you press the ENTER 
key. 

Value Range: 0 through 127 (ASCII) 

Default: 13 


The end-of-line character terminates both the command 
line and the result code. 
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4 - Line-Feed Character 


Register 4 holds the ASCII value that is transmitted 
to signify a line feed when you press the ENTER key. 


Range Value: 0 through 127 (ASCII) 

Default: 10 

If you do not want a line-feed character, set the 
value at 0. When result codes are displayed as 


words, the line-feed character is output after you 
press the ENTER key. 


5 - Backspace Character 


Register 5 holds the ASCII value of the backspace 
character. 


Value Range: 0 through 127 
Default 08 


The backspace character acts as both the BACKSPACE 
key and the character to move the cursor back one 
space. The BACKSPACE key is echoed back to the 
computer and is followed by an ASCII space character 
and a second backspace character (three characters in 
all). Because the time required to process a 
backspace character is the same as the time required 
by the modem to transmit three characters, a 
repeat-key function may not work properly on 
backspaces. 


6 - Wait For Dial Tone 


Register 6 controls the amount of time (delay) the 
modem waits to dial after the phone is picked up. 


Value Range: 2 through 255 (seconds) 
Default: 02 


This delay allows the telephone system time to detect 
the off-hook condition and for the dial tone to come 
on. This feature allows you to increase the delay if 
a dial tone does not occur within 2 seconds. If you 
set register 6 for less than 2 seconds, the modem 
still waits 2 seconds before dialing. 


Register 6 is used only if X-codes X0, Xl, or X3 are 

selected. Do not set register 6 if you have selected 
codes X2 or X4, which enable dial tone detection and 

disable blind dialing, as these X-codes override the 

register 6 setting. 


Register 6 does not control the W (Wait for Dial 
Tone) command. 
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7 - Wait For Carrier After Dialing 


Register 7 controls the number of seconds the 
internal modem waits for an answering modem's carrier 
signal after dialing. 


Value Range: 1 through 255 (seconds) 
Default: 30 


If the internal modem does not detect a carrier 
within 30 seconds (default), it hangs up and sends 
the NO CARRIER result code. 


Register 7 also controls the number of seconds the 
internal modem waits for a dial tone after the W 
(Wait for Dial Tone) command is issued before hanging 
up and sending the NO DIALTONE (issued as two words) 
result code. 
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8 - Pause Time for Comma 


Register 8 determines the number of seconds the pause 


(generated by the , comma dial modifier) lasts. 
Value Range: 0 through 255 (seconds) 


Default: 02 


9 - Carrier Detect Response Time 


Register 9 determines the length of time that a 
carrier signal must be present for the internal modem 
to recognize the signal and to send a carrier detect 
tone. 


Value Range: 1 through 255 (0.1 through 25.5 
seconds) 


Default: 06 (0.6 second) 


This feature safeguards against the modem mistaking a 
busy signal or a ring for a carrier signal. 


The value range and default for register 9 represent 
0.1 (1/10) second increments. The higher the value, 
the easier the internal modem detects a carrier 
signal without error. 


10 - Delay Between Carrier Loss and Hang-Up 


Register 10 allows you to set the amount of time that 
elapses after a remote modem carrier signal is lost 
before the internal modem disconnects. 


Value Range: 1 through 255 (0.1 through 25.5 
seconds) 


Default: 14 (1.4 seconds) 


Setting the delay time allows the carrier to 
disappear momentarily without causing the internal 
modem to disconnect. 


The value range and default for register 10 
represents 0.1 (1/10) second increments. If your 
line has a lot of static, set register 10 for a value 
greater than 1.4. Setting register 10 to 255 causes 
the modem to ignore actual carrier status and to 
function as though a carrier were constantly present. 


NOTE: If the value in register 10 is set for 
less than the value of register 9, even a 
momentary loss of carrier signal causes the 
internal modem to disconnect. This occurs 
because the end of the delay period (before 
the modem disconnects) is reached before the 
carrier signal is detected. 
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11 - Dual-Tone Multi-frequency (DTMF) Dialing Speed 


Register 11 sets the duration and spacing of touch 
tones in DIMF dialing. 


Value Range: 50 through 255 (.05 through .255 
seconds) 


Default: 95 milliseconds 


The value range and default for register 11 represent 
0.001 (1/1000) second increments. The default 
dialing speed settings give the equivalent of 7.14 
digits per second. The minimum length of time for 
reliable dialing is 50 milliseconds, or 10 digits per 
second. A maximum of 255 milliseconds slows dialing 
speed to 1.9 digits per second. 


NOTE: Setting register 11 has no effect on pulse 
dialing speed, which is 10.5 pulses per 
second in the United States and 10.3 pulses 
per second outside the United States. 
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12 - Escape Code Guard Time 


Register 12 controls the escape code guard time. The 
escape code guard time is the time delay required 
before and after entering escape code characters. 


0, 20 through 255 (0, 0.4 through 5.1 
seconds) 


Value Range: 


Default: 50 (1 second) 

The guard time also determines how quickly you must 
enter the escape code characters. The interval 
between each of the (three) escape code characters 
must be less than the guard time; otherwise, the 
escape code is not recognized. 


The value range and default for register 12 represent 
0.02 (1/50) second increments. To instruct the modem 
to disregard guard time entirely when recognizing the 
escape code, set the guard time to 0. 


13 - Reserved 
This register is reserved. 


14 - Bit Mappped 


Register 14 for the 2400-Baud Internal Modem is 
defined as follows: 
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BIT 
76543210 


if 


Reserved 


Local echo disabled 


1 = Local echo enabled (default) 
(see Ecommand) 

0 = Result codes enabled (default) 

1 = pestle codes disahled 

see Q comman 

Q = Numeric Result codes as digits 

1 = Result codes as words (default) 
(see V command) 

0 = Modem will receive commands and 
send result codes to data terminal 
equipment (smart Mode) (default) 

1 = Modem will ignore commands and not 
send result codes (dumb Mode) (not 
used) 

0 = Tone dial (see T command) 

{= Pulse, dialing (see P command) 

Reserved 

0 = Answer (see A, D0, R commands) 

1 = Originate (default) 

CAUTION 


Writing to register 14 may cause 
unpredictable results. 


15 - Reserved 
This register is reserved. 


16 - Bit Mapped 


This register controls the modem testing features for 
the 2400-baud modem: 
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Analog loopback (local) 
(see &T1 command) 
0 = Disabled (default) 
1 = Enabled 
Reserved 
Digital loopback (local) 
(see &T3 command) 
0 = Disabled (default) 
1 = Enabled 
Reflects whether the internal modem 
is in remote digital loopback 
(see &T4 and &T5 commands) 
0 = No loopback (default) 
1 = Loopback working 
Start a remote digital loopback 
(see &T6 command) 
0 = Disabled (default) 
1 = Enabled 
Start a remote digital loopback with 
test message and error count 
(see &T7 command) 
0 = Disabled (default) 
1 = Enabled 
Loca] analog loopback 
(see &T8 command) 
0 = Disabled (default) 
1 = Enabled 
Reserved 


CAUTION 


Writing to register 16 may cause 
unpredictable results. 
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17 - Reserved 


This register is reserved. 
18 - Test Timer 


This register is used to determine the length of time 
allowed for a modem diagnostic test. 


Value Range: 0 through 255 (seconds) 
Default: 0 (disables the register) 

The modem automatically cancels any diagnostic test 
when the duration of the test equals the value 


selected. 


19 - Reserved 

This register is reserved. 
20 - Reserved 

This register is reserved. 
21 - Bit Mapped 


This register determines several bit-mapped options, 
as described in the following bit map: 


BIT 
76543210 
L__._ Selects jack type (see &J command) 
0 = RJLIC (default) 
1 = RJ12/RJ13 (not supported in 
hardware) 

Reserved 

Reserved 

Data terminal ready 

(DTR - see &) command) 

00 = Modem ignores data terminal 
ready (DTR) (Factory default) 

01 = Modem goes to command state 
if an ON-to-OFF transition 
occurs on DIR 

10 = Modem hangs up if an 
ON-to-OFF transition occurs 

on DTR (NVRAM default) 

11 = Modem initializes if an 
ON-to-OFF transition occurs 
on OTR 

Data carrier detect (OCD) 

(see &C command) 

0 = DCD always ON (factory default) 

1 = A valid data carrier causes 

DCD to be ON (NVRAM default) 
Reserved 
Long space disconnect 
(see Y command) 
0 = Disabled (default) 
1 = Enabled 
CAUTION 


Writing to register 21 may cause 
unpredictable results. 
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22 - Bit Mapped 23 - Bit Mapped 
This register determines several bit-mapped options This register determines several bit-mapped options 
as described in the following bit map: as described in the following bit map: 
BIT BIT 
76543210 76543210 
Speaker volume (see L command) L— Remote modem request for remote 
Ol = Low digital loopback test 
10 = Medium (default) (see &14, &T5 commands) 
11 = High | 
Speaker control (see M command §:= Disabied 
00 = Speaker disabled = 
QO1 = Speaker ON until carrier pa enepi so iaarathey 
detected (default) Speed rates 
10 = Speaker always ON 00 = 0 - 300 bps 
11 = Speaker ON until carrier O01 = Reserved 
detected, but OFF during dialing 10 = 1200 bps (default) 
Result code option (see X command) 11 = 2400 bps 
000 = Basic result code set (0-4) 
100 = Extended result code eee Reserved 
101 = Add dial tone detection (0-6,10 ; 
110 = Add busy signal detection a “lia sce: fh) Command) 
(0-5,7,10) 01 = Space 
111 = Add dial tone and busy signal 10 = Odd (default) 
detection (0-7,10) (default) 11 = Mark/none 
Make/break ratio (see &P command) 
0 = 39/61 ratio, United States/Canada Guard tones (see &G command) 
(default) 00 = Disabled (default) 
1 = 33/67 ratio, UK/Hong Kong 01 = 550 Hz 
10 = 1800 Hz 
CAUTION 11 = Reserved 
Writing to register 22 may cause CAUTION 


unpredictable results. 
Writing to register 23 may cause 
unpredictable results. 
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24 - Reserved 
This register is reserved. 


25 - Delay To Data Terminal Ready 


This register detects a change in the data terminal 
ready (DTR) signal. 


Value Range: 0 through 255 (.05 through 2.55 
seconds) 


Default: 5 (.05 seconds) 


The value range and default for register 9 represent 
0.01 (1/100) second increments. When the internal 
modem is in the asynchronous mode, a change in DTR 
(to ON or to OFF) lasting for less than the value of 
the register is ignored. 


26 - RTS to CTS Delay 


This register sets the delay from request-to-send 
(RTS) to clear-to-send (CTS). 


0 through 255 (0 through 2.55 
seconds) 


Value Range: 


Default: 00 


The value range and default for register 26 represent 


0.01 (1/100) second increments. 


27 - Bit Mapped 


This register determines protocol] selection. 


BIT 
76543210 


Reserved 

Protocol selection (see B command) 
0 = CCITT Mode 
1 = Bell Mode (default) 


Reserved 
CAUTION 


Writing to register 27 may cause 
unpredictable results. 


16.4 PROGRAMMING INFORMATION 


The following information is provided for the 
computer programmer who has some training or 
experience writing asynchronous communications 
software. This section includes technical details on 
the local and remote interface parameters, sequences 
of events that occur during calling and answering, 
and some special programming considerations. 


Programming Guidelines 


The foundation of communications software is a 
program capable of sending ASCII characters to a 
modem through a communication port. 


To ensure compatibility with remote modems and 
various telephone systems, the program should 
implement al] commands and functions available in the 
communications software package. This also gives the 
user complete access to all] features. 


The internal modem command buffer can hold a maximum 
of 40 characters. A longer command string will not 
be executed and will] return an error message. 


NOTE: Routines that write to bit-mapped 
operation registers are not advisable, since 
writing to these registers can have 
unpredictable results. 
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Software should be able to address the internal 
modem's UART registers to help the modem adapt 
automatically to incoming calls with various speeds 
and communication protocols. 


Pascal, C, Basic, or assembly language can be used to 
develop communications software. All of these 
languages have adequate support for COM1 or COM2 
devices. 
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Selecting Interface Parameters 


You must establish the parameters that define how the 
modem communicates with the remote computer and the 
COMPAQ 80286-Based Personal Computer. These 
parameters define the remote and local interfaces. 


Local 


Local interface parameters influence communication 
between the internal modem and the COMPAQ 80286-Based 
Personal computer. Before any processing, set the 
local interface parameters to ensure that the modem 
accurately processes commands and result codes. 


Table 16-3 defines the recommended local interface 
parameters. 


Table 16-3. Local Interface Parameters 


Parameter Description 

EO Disables character echo in command 
mode, making it easier to read 
result codes and recognize mistakes 

Qo Enables result codes 

V1 Displays result codes as words rather 
than numbers 

X3 Selects extended result code set and 


informs user of connection speed 
(blind dialing) 

S0=0 Disables auto-answer; setting SO 
greater than or equal to 1 causes 
the modem to answer automatically on 
that number of rings 


$2=29 Sets escape code character to ASCII 29 


(CTRL_]) when originating a call 
$2=28 Sets escape code character to ASCII 28 
(CTRL \) when answering a call; 


If the two communicating modems do not 

use different escape codes, 

the software must be designed to 

handle sudden and unpredictable 

transitions into the command mode 
$3=30 Sets the carriage return character to 

ASCII 30 (CTRL “) 

(Continued) 


Table 16-3. (Continued) 


Parameter Description 
$4=31 Sets the line feed character to ASCII 


31 (CTRL __); 


Word result codes are preceded and 
followed by a carriage return/line 
feed, whereas commands and numeric 


result codes are simply followed by 
pressing the ENTER key; setting the 


carriage return and line feed to 


infrequent] y-used characters better 
offsets the result codes and commands 


from data on the display 


$12=20 Establishes an escape code guard time 
at least two to three times 


greater than the time required to 
transmit a character at 300 


bps, the lowest transmission speed 
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Remote 


Remote interface parameters affect communication 
between the internal modem and the remote computer. 
Parameters include characteristics of the phone 
equipment, the remote modem, and the remote computer. 


Three sequences of commands are described to 
illustrate remote interface parameters. Software 
should set these parameters and send them to the 
modem immediately before originating or answering a 
call. 


Sequence 1 - Preparing to Dial 


Command Description 

ATS6=2 Sets time delay before blind dialing 
ATS8=2 Sets length of pause generated by the 
(optional ) comma (,) dial modifier 

ATS11=70 Sets the speed of touch-tone dialing 
ATM] selects speaker mode 

ATD; Causes the modem to go off-hook, wait 


the time set by register 6, and 
return to the command mode 


(required) 
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If a dial tone is detected within the time specified 
by register 6, the program should proceed with 
sequence 2 and request a number to dial. Sequence 2 
is unnecessary if a number to dial is entered after 
the ATD command instead of the semicolon. If so, the 
number is dialed as soon as the command is entered. 
The program should inform the user when the modem 
goes off-hook. 


In sequence 1, the ATD command is the only required 
command, since the modem defaults can be used for the 


first four parameters. 


Sequence 2 - Dialing 


Command Description 

ATS6=2 Resets time delay before blind 
(optional ) dialing 

ATD Dial command followed by the phone 


(required) number (up to 36 digits) 


In sequence 2, resetting 6 to 2 seconds causes 
immediate dialing, since the modem subtracts an 
automatic 2-second wait for dial tone from the value 
you specify for Register 6. The modem should dial 
the number specified by the user, and the program 
should inform the user when the dialing is taking 
place. 


Sequence 3 - Going Online (Originate or Answer) 


Command Description 

ATM1 Sets the speaker mode 

ATS7=30 Sets the wait time for the carrier 

(optional 

ATS9=6 Sets carrier detect time 

ATS10=7 Sets the maximum loss of carrier 
that can be tolerated without 
hanging up 

Originating Sets escape command character to 


ATS2=290 ASCII 29 and issues the 0 command 

(required) to complete the connection 

Answering Sets escape command character to 

ATS2=28A ASCII 28 and issues the A command 

(required) to provide a carrier signal to the 
originating modem 


The software should wait for “CONNECT nnnn’ and 
adjust the baud rate of the UART accordingly, or 
inform the user if "NO CARRIER" is received. 


Programming Example 


The following simple BASIC program shows how to cause 
the internal modem to dial a number: 


10 OPEN "“COM2:1200,E,7" AS #1 
20 INPUT “Number to dial’; A$ 
30 PRINT #1, ATDT"A$ 

40 GOTO 20 


Selecting Valid Character Formats 


When developing any communications program for the 
internal modem, a subroutine must be included to 
indicate to the UART the standard character format 
you select for transmitting commands, result codes, 
and data. This subroutine should consider the rate 
of data transmission and the maximum word length that 
can be generated by the UART device. The character 
format shown in Figure 16-2 illustrates how 
asynchronous data transmission is performed by the 
UART. 
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Choracter Time Next Character 


a 


Bit 
Time 


Figure 16-2. Asynchronous Data Transmission 


The combination of bits (start, stop, data, and 
parity) comprising each character determines the 
format of the commands, result codes, and data 
transferred by the modem. 
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Character Format and Transmission Rate Valid Formats at 300 bps Only 
Although the maximum character length generated by If your software is designed for 300 bps 
the UART is 12 bits, the bit combinations processed communications only, character length can be 10 or 11 
by the modem are restricted by the transmission bits. The following additional combinations are 
speed. valid: 
Start Bits Data Bits Parity Stop Bits 
Valid Formats at 300, 1200, and 2400 bps l 8 even 
1 8 odd 1 
If communications at 300, 1200, and 2400 bps are 
supported, character length is 10 bits. The Any additional stop bits are read as a delay between 
following combinations are valid: characters. 
Start Bits Data Bits Parity Stop Bits 
l 7 mark or space 1 
l 7 even or odd 1 
l / none 2 
l 8 none 1 


Additional stop bits can be added, but are read as a 
delay between characters. 


Detecting Transmission Rate 


The settings of the answering modem determine the 
transmission rate. The AT prefix alerts the modem to 
the communications rate and parity setting of the 
loca] data terminal equipment. 


When originating a call, the internal modem 
automatically adopts these parameters until another 
AT is received, or until the power is turned off. 
When answering a call, the modem determines the 
transmission speed from the carrier signal of the 
originating modem. 
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Changes in Speed and Format 


Software must monitor changes in the transmission 
rate of commands and result codes from connection to 
connection. This may cause command and result code 
rates to be different before and after the online 
connection is made. 


The modem accepts commands and generates result codes 
at a default rate of 2400 bps (when first turned on), 
or at the speed of the previous command, until either 
the internal modem rate is changed or the modem 
answers a call at a different speed. 


The modem then adjusts to the new transmission rate 
and subsequent commands and result codes are 
generated at the new rate. The initial result code 
of the answer-cal] sequence is generated either at 
the default rate or at the rate of the previous AT 
command. 
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16.5 UART REGISTERS 


UART register values are used by communications 
software to control the internal modem. 


The UART registers can be addressed either 
through I/0 port COM1 or COM2 (default) on the 
COMPAQ 80286-Based Personal Computer for 
asynchronous communication. 


Each addressable UART register is described in a 
separate subsection. The name of each subsection 
gives: 


= The name of the UART register 
=m The register base address (in hexadecimal) 
= The register designation, either: 


Read/Write 
Read Only 
Write Only 


Each register is defined. The registers do not have 
to be initialized in a particular sequence, except 
that bit </> of the Line Control] register must be set 


to access certain registers. Certain bits and 


registers function together to transfer information. 


The UART registers are: 


Divisor Latch (least-significant byte) 
Line Control 

Receiver Buffer 

Modem Control 

Transmitter Holding 

Line Status 

Divisor Latch (most-significant byte) 
Modem Status 

Interrupt Enable 

Scratch Pad 


Interrupt Identification 


Divisor Latch - Least-Significant Byte 2F8h [COM2], 
3F8h [COM1], (Read/Write) 


This register contains the low 8 bits of the baud 
rate divisor (a formula used to set the baud rate). 


This register is used with the Divisor Latch - most- 
significant byte, which is the next address - 2F9h 
[COM2] or 3F9h (COM1]. Together both addresses, 2F8h 
[COM2] or 3F8h [COM1] and 2F9h [COM2] or 3F9h [COMI], 
must contain the hexadecimal equivalent value of the 
baud rate divisor to set the desired baud rate. 


Use the following hex values for the appropriate baud 
rate: 


Value Baud Rate 
180h 300 

60h 1200 

30h 2400 


The formula for the divisor is: 
divisor = 115200/baud 
NOTE: To access this register, bit <7> (Divisor 


Latch) of the Line Control register must be 
logical 1. 
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Receiver Buffer 2F8h [COM2], 3F8h [COM1], (Read Only) 


This register contains the character that has just 
been received. The character is received serially. 
The least-significant bit (bit <0>) is received 
first. To access this register, bit <7> (Divisor 
Latch) of the Line Control register must be 0. Data 
are valid when bit <0> (Data Ready) of the Line 
Status register is l. 
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Transmitter Holding 2F8h [COM2], 3F8h [COM1], 
(Write Only) 


This register is used to load a character that is 
about to be transmitted. Bit <5> (Transmitter 
Holding Register Empty) of the Line Status register 
must be 1 before loading the next character (see the 
Line Status register). The least-significant bit 
(bit <0>) is loaded first. To access this register, 
bit <7> (Divisor Latch) of the Line Control register 
must be 0. 


Divisor Latch - Most-Significant Byte 2F9h [COM2], 
3F9h [COM1], (Read/Write) 


This register contains the high 8 bits of the baud 
rate divisor (a formula used to set the baud rate). 


This register is used with the Divisor Latch - least- 
Significant byte, which is at the previous address - 
2F8h [COM2], 3F8h [COM1]. Together both addresses, 
2F8h [COM2] or 3F8h [(COM1] and 2FSh [COM2] or 3F9h 
[COM1], must contain the hexadecimal equivalent value 
of the baud rate divisor to set the desired baud 
rate. 


Use the following hexadecimal values for the 
appropriate baud rate: 


Value Baud Rate 
180h 300 
60h 1200 
30h 2400 


The formula for the divisor is: 
divisor = 115200/baud 
NOTE: To access this register, bit <7> (Divisor 


Latch) of the Line Control register must be 
logical 1. 


Interrupt Enable 2FSh [COM2], 3F9h [COMI], 
(Read/Write) 


This register enables the interrupts to activate the 
interrupt output signal. 
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BIT 
76543210 


: 


Enable Received Data Available 
Interrupt (ERBFI) 
l1=Causes the UART to generate an 
interrupt whenever Data Ready 
of the Line Status register 
becomes logic 1. 


Enable Transmitter Holding Register 
Empty Interrupt (ETBEI) 
l=Causes the UART to generate an 
interrupt whenever DATA READY 
of the Line Status register 
becomes logic 1. 


Enable Receiver Line Status Interrupt 
(ELSI) 
1=Causes the UART to generate an 
interrupt whenever an overrun 
error, parity error, framing 
error, or break interrupt occurs; 
see the Line Status register. 


Enable Modem 
l=Causes the UART to generate an 
interrupt whenever Ring 
Indicator or Received Line Signal 
Detect of the Modem 
Status register becomes a logic 1. 


Reserved 
NOTE: To access this register, bit <7> (Divisor 


Latch) of the Line Control register must be 
logical 0. 
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Interrupt Identification 2FAh [COM2], 3FAh [COM1], 
(Read Only) 


This register stores information that indicates a 
pending interrupt and its priority. 


The information contained in bits <0>, <1>, and <2> 
is always available even if the interrupt capability 
has not been enabled by the Interrupt Enable 
register. 


NOTE: When COM1 or COM2 is selected, the modem 
automatically adjusts for either line. 
However, for an interrupt to reach the 
processor, OUT 2 (bit <3> of the Modem 
Control register) must be a logic 1, thereby 
enabling the interrupt line. The bits of the 
Interrupt Enable register must be set high 
(1) to enable the desired interrupt signal, 
although the interrupt sources can be 
individually activated. 


BIT 
76543210 


Interrupt Pending 


Indicates that an interrupt has 


occurred 


Interrupt ID 


Indicates the priority of the 
interrupt as follows: 


BIT 
2 1 PRIORITY 
1 
L. Al 
(highest) 
1 0 2 
0 1 3 
0 0 4 
(lowest) 


Reserved 


INTERRUPT SOURCE 


Overrun error or 
parity error or 

framing error or 
Break Interrupt 

(see Line Status 
register) 


Data Ready (see 
Line Status 
register) 


Transmit Holding 
register empty 
(see Line Status 
register) 


Ring indicator 
or received 
line signal 
detect (see 
Modem Status 
register) 
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Line Control 2FBh [COM2], 3FBh [COM1], (Read/Write) 


The Line Control register specifies character and word formats and controls access to other UART registers. 


BIT 
76543210 
Ll select word length as follows: 
Bit 1 Bit 0 Word Length 


0 0 5 bits 
0 1 6 bits 
l 0 7 bits 
1 i! 8 bits 


Number of Stop Bits (STB) 
1 = 2 per character (1-1/2 for 5-bit words only) 
0 = 1 per character 


Parity Enable (PEN) 
1 = Enable parity generation or checking 
0 = Disable parity generation or checking 


Parity Select (EPS) 

Even parity 

Odd parity 

If even parity is set, bit <3> (Parity Enable) must be a logic 1 


Stick Parity 


0 


1 = Set 

0 = Not set (Bit <3> must be a logic 1 to enable Stick Parity) 
Set Break 

1 = Cause modem to transmit a continuous break signal 

0 = Stop break signal 


Divisor Latch (DLAB) 
1 = Enable access to divisor latches of the baud rate generator during a read/write operation 
0 = Enable access to the Transmit Holding register, receiver buffer, and Interrupt Enable 
register 
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Modem Control 2FCh [COM2], 3FCh [COM1], (Read/Write) 


This register manages the interface between the 
internal modem and the COMPAQ 80286-Based Personal 
Computer. 


BIT 
76543210 
L— Data Terminal Ready (DTR) 

1 = Enable modem operation; a required 
setting 

0 = Disable modem (the modem neither 
accepts commands nor auto-answers; 
if online, the modem disconnects) 


Request to Send (RTS) 
Unused by the modem; setting irrelevant 


Output 1 (OUT 1) 

1 = Reset the modem (power-off/power-on) 
The setting for normal operation; 
after a reset, write a 0 to clear 
this bit 


Output 2 (OUT 2) 

1 = Enable the interrupt line drivers; 
allows the UART to interrupt the 
computer 

0 = Disable the interrupt line drivers 


LOOP 
1 = Activate the loopback feature for 
diagnostic testing of the UART 
0 = The setting for normal operation 


0 


Reserved 
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Line Status 2FDh [COM2], 3FDh [COM1], (Read Only) (Bit <0>, Read/Write) 


This register provides status information about data transfer and associated error conditions. 


BIT 
76543210 


Data Ready (DR) 
l=Indicates a character has been received in Receiver Buffer register; is reset to 0 when data 
are read or by writing 0 to this bit under program control; writing a 1 has unpredictable 
results 


Overrun Error (0E) 
l=Indicates character in Receiver Buffer register was not read before next character received; 
the previous character deleted; bit is reset to 0 whenever Line Status register is read 


Parity Error (PE) 
l=Indicates parity of character received does not match specified EPS Line Control register; 
reset to 0 whenever Line Status register is read 


Framing Error (FE) 
l=Indicates character received lacks valid stop bit; is reset to 0 whenever Line Status register 
is read 


Break Interrupt (BI) 
1 = Indicates break signal received; does not indicate when break signal ends; reset to 0 


whenever Line Status register is read 


Transmitter Holding Register Empty (DATA READY) 
1 = Indicates UART is ready to accept a new character for transmission; reset to 0 when 
Transmitter Holding register is loaded 


Transmitter Shift Register Empty (TRSE) 
1 = Indicates last character in Transmitter Shift register has been transmitted; reset to 0 when 
data have been transferred from Transmitter Holding register to Transmitter Shift register 


Reserved 
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Modem Status 2FEh [COM2], 3FEh (COM1],(Read Only) 


The register provides the current status of control 
signals from the modem. When either bit <2> or bit 
<3> is a logic 1, a modem status interrupt is 
generated, if the interrupt is enabled. 


BIT 
76543210 


Delta Clear to Send (DCTS) 
Unused by the modem; always 0 


Delta Data Set Ready (DDSR) 
Unused by the modem; always 0 


Trailing Edge Ring Indicator (TERI) 
l=Indicates that the ring-indicator 
bit (bit <6>) has changed from 
logic 1 to 0; is reset to 0 when 
the Modem Status register is read 


im, 


Delta Received Line Signal Detect 
(DRLSD) 
l=Indicates that the received-line 
-signal detect has changed 
states; is reset to 0 when the 
Modem Status register is read 


Clear to Send (CTS) 
Unused by the modem; always 1 


Data Set Ready (DSR) 
Unused by the modem; always 1 


Ring Indicator (RI) 
l=Indicates that the modem detects 
a ringing signal on the 
telephone line 


Received Line Signal Detect (RLSD) 
l=Indicates that the modem detects 
a carrier signal on the 
telephone line 


Scratch Pad 2FFh [COM2], 3FFh 
[COM1], (Read/Write) 


The Scratch Pad register is an additional] modem 
register that can store 1 byte in bits <7..0>. The 
byte has no effect on the UART or the internal modem, 
but can be used as a scratch pad for software. 
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16.6 MODEM CONNECTOR 


The internal modem interfaces with the 
COMPAQ 80286-Based Personal Computer via a 
ISA 62-pin edge connector. 


ERROR MESSAGES 


Appendix A 
ERROR MESSAGES 


ERROR MESSAGES 


The following pages list the error codes and a brief 
description of the probable source of the error. 


Common Power-On Messages 


Table A-1 lists the messages that could occur when 
the system is turned on or reset. 


A-1 
Table A-1. Power-On Messages 
Message Beeps Probable Cause 
163-Time & Date Not Set 2S Invalid Time or Date 
(One very short beep) 1VS Power-up Successful; 
FAST (8 MHz) Speed 
(Two very short beeps) 2VS Power-up Successful ; 


System-board DIP 
Switch Selected 


Speed (HIGH or AUTO) 
RESUME = "Fl" KEY None Any Failure 
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Initialization Diagnostic Messages 
Table A-2 lists error messages that may occur as part of the Power-On Self-Test (POST). 


Table A-2. Power-On Self-Test (Post) Messages 


Message Beeps __ Probable Cause 

101-I/0 ROM Error 1L, 1S Option ROM checksum 
101-ROM Error IL, 1S System ROM checksum 
102-System Board Failure None DMA, timers, etc. 
102-System or Memory Board Failure None High-order addresses 
162-System Options Error 2S No diskette drives or mismatch in drive types 
162-System Options Not Set-(Run Setup) 2S System configuration 
164-Memory Size Error 2S Memory size discrepancy 
XXO00Y ZZ 201-Memory Error None RAM failure 

XX000Y ZZ 203-Memory Address Error 28 Memory high address error 
301-Keyboard Error None Keyboard failure 


301-Keyboard Error or Test Fixture Installed None Keyboard test fixture 
302-System Unit Security Lock is Locked - 2S System locked 


Unlock System Unit Security Lock 
303-Keyboard Controller Error None Keyboard controller 
304-Keyboard or System Unit Error None Keyboard interface 
402-Monochrome Adapter Failure 1L, 2S Mono display controller 
201-Display Adapter Failure 1L, 2S Graphics display controller 


601-Diskette Controller Error None Diskette controller 
(Continued) 


Error Messages A-3 


Table A-2. (Continued) 


Message Beeps _ Probable Cause 

602-Diskette Boot Record Error None Diskette does not have a valid boot record 
702-Coprocessor Detection Error None Switch setting does not agree with 80287 detection 
1780-Disk 0 Failure None Fixed disk drive 0 not ready 

1781-Disk 1 Failure None Fixed disk drive 1 not ready 

1782-Disk Controller Failure None Fixed disk drive controller 

1790-Disk 0 Error None Fixed disk drive 0 access error 

1791-Disk 1 Error None Fixed disk drive 1 access error 

Parity Check 2 XX000Y ZZ None Parity RAM failure 


Notes: 1. Tables A-13, A-14, and A-15 define XX, Y, and ZZ. 


2. Lmeans a long beep, and S$ means a short beep. 


A-4 80286-Based Products Technical Reference Guide 


Advanced Diagnostics Error Messages 


The following tables list error messages that may 
occur during testing by the advanced diagnostics. 


Processor 


Table A-3 lists error messages that relate to 
the 80386 microprocessor or to other system board 
devices. 


Table A-3.__ Processor Error Message __ 
Message Problem Failure 
101-01 CPU test failed 


102-01 Numeric co-processor initial status word 
incorrect 


102-02 Numeric co-processor initial control word 
incorrect 


102-03 Numeric co-processor tag word not all ones 

102-04 Numeric co-processor tag word not all zeros 

102-05 Numeric co-processor exchange command failed 

102-06 Numeric co-processor masked exception 
incorrectly handled 

102-07 Numeric co-processor unmasked exception 
incorrectly handled 

102-08 Numeric co-processor wrong mask bit set in 
status register 

102-09 Numeric coprocessor unable to store real 
number 

102-10 Numeric coprocessor real] number calculation 
test failed 


(Continued) 


Table Az3._(Continued) 
Message 


He Problem Failure. 
102-12 Numeric coprocessor pattern test failed 
102-14 Switch indicates no numeric co-processor 


present 
102-15 Numeric co-processor is inoperative or socket 
is unoccupied 


103-01 DMA page registers test failed 
103-02 DMA byte controller test failed 
103-03 DMA word controller test failed 
104-01 Interrupt controller master test failed 


104-02 Interrupt controller slave test failed 
104-03 Interrupt controller software RTC is 


inoperative 
105-01 Port 61 bit 6 not at zero 


105-02 Port 61 bit 5 not at zero 
105-03 Port 61 bit 3 not at zero 
105-04 Port 61 bit 1 not at zero 
105-05 Port 61 bit 0 not at zero 


Ole [COmmsO]r |S so} ON 


105-06 Port 61 bit 5 not at one 
105-07 Port 61 bit 3 not at one 
105-08 Port 61 bit 1 not at one 
105-09 Port 61 bit 0 not at one 


105-10 Port 61 I/0 test failed 

105-11 Port 61 bit 7 not at zero 

105-12 Port 61 bit 2 not at zero 

105-13 No interrupt generated by failsafe timer 

105-14 NMI not triggered by failsafe timer 

106-01 Keyboard controller self-test failed 
(Continued) 


Table A-3. (Continued) 


Message 


ssage_ ss Problem Failure 

107-01 CHOS RAM test failed 

108-02 CMOS interrupt test failed 

108-03 CMOS interrupt test, CMOS not properly 
initialized 

109-01 CMOS clock load data test failed 

109-02 CMOS clock rollover test failed 

109-03 CMOS clock test, CMOS not properly 
initialized 

110-01 Programmable timer load data test failed 


110-02 Programmable timer dynamic test failed 
111-01 Refresh detect test failed 


112-01 Speed test slow mode out of range 

112-02 Speed test mixed mode out of range 
112-03 Speed test fast mode out of range 

112-04 Unable to enter slow mode in speed test 
112-05 Unable to enter mixed mode in speed test 
112-06 Unable to enter fast mode in speed test 
112-07 Speed test system error 

113-01 Protected mode test failed 


114-01 Speaker test failed 


-Lrror Messages — A-5 


Memory 


Table A-4 lists error messages for memory-related 
errors. 


Table A-4. Memory Error Messages 


Message aes Probable Failure 

201-01 Memory machine ID test failed 

202-01 Memory system ROM checksum failed 

203-01 Memory write/read test failed 

203-02 Error during saving program memory in 
write/read test 


203-03 Error during restore of program memory 
in write/read test 


204-01 Memory address test failed 

204-02 Error during saving program memory in 
address test 

204-03 Error during restore of program memory 
in address test 


205-01 Walking I/0 test failed 


205-02 Error during saving program memory in 
walking I/0 test 


205-03 Error during restore of program memory in 
alki Q test 


205-04 Insufficient_memory to perform test 
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Keyboard Printer 

Table A-5 lists error messages for keyboard-related Table A-6 lists error messages for printer-related 

errors. errors. 

Table A-5. Keyboard Error Messages Table A-6. Printer Error Messages 

Message Probable Failure Message Probable Failure 

301-01 Keyboard short test, 8042 self-test failed 401-01 Printer connected test failed 

301-02 Keyboard short test, interface test failed 402-01 Printer Data register failed 

301-03 Keyboard short test, echo test failed 402-02 Printer Control register failed 

301-04 Keyboard short test, keyboard reset failed 402-03 Printer Data and control registers failed 
(286/386 only) 402-04 Printer Loopback failed 

301-05 Keyboard short test, keyboard reset failed 402-05 Printer Loopback and data registers failed 

_ (88/86 only) 402-06 Printer Loopback and control registers failed 

302-01 Keyboard long test, failed 0 402-07 Printer Loopback, data and control registers 

302-02 Remaining unstruck keys failed 

303-01 Keyboard LED test, 8042 self-test failed 402-08 Printer Interrupt test failed 

303-02 Keyboard LED test, reset test failed 402-09 Printer Interrupt and data registers failed 

303-03 Keyboard LED test, reset failed 402-10 Printer Interrupt and control registers 

303-04 Keyboard LED test, LED command test failed failed 

303-05 Keyboard LED test, LED command test failed 402-11 Printer Interrupt, control and data registers 

303-06 Keyboard LED test, LED command test failed failed 

303-07 Keyboard LED test, LED command test failed 402-12 Printer Interrupt and loopback failed 

303-08 Keyboard LED test, command byte restore test 402-13 Printer Interrupt, loopback, data registers 
failed failed 

303-09 Keyboard LED test, LEDs failed to light 402-14 Printer Interrupt, loopback, control 


registers failed 


304-01 Keyboard typematic test failed 
402-15 Printer Interrupt, loopback, control and 


304-02 Unable to enter mode 3 


304-03 Incorrect scan code from keyboard data registers Failed 
304-04 NG make.codecbesrved.. ot. es 402-16 Printer unexpected interrupt received 
SRICAG DiMA cL LL 403-01 Printer pattern test failed 

304-05 Unable to disable repeat key feature ; 

Bie 01 Secunitylock Wnometabies— 498-00 Printer failed or not connected 


315-02 Security lock stuck in locked position 


Video 


Table A-7 lists error messages for video-related 
errors. 


Table A-7. Video Error Messages 
Message Probable Failure 
501-01 VDU controller test failed 


502-01 VDU memory test failed 


503-01 VDU attribute test failed 
504-01 VDU character set test failed 


505-01 VDU 80x25 mode 9x14 char cell test failed 
506-01 VDU 80x25 mode 8x8 char cell test failed 


507-01 VDU 40x25 mode test failed 
508-01 VDU 320x200 mode color set 0 test failed 


509-01 VDU 320x200 mode color set 1 test failed 


510-01 VDU 640x200 mode test failed 


511-01 VDU Screen memory page test failed 
512-01 VDU Gray scale test failed 


514-01 VDU White screen test failed 


516-01 VDU Noise pattern test failed 
517-01 Light pen text mode test failed - no response 


517-02 Light pen text mode test failed - invalid 
response 


517-03 Light pen medium resolution mode test failed 
- no response 


517-04 Light pen medium resolution mode test failed 


-~ invalid response 


Error Messages A-7 


Table A-8 lists error messages for monochrome video- 
related errors. 


Table A-8. Monochrome Video Error Messages 
Message Probable Failure 

802-01 Monochrome video memory test failed 
824-01 Monochrome text mode test failed 


Diskette Drive 


Table A-9 lists error messages for diskette-related 
errors. 


Table A-9. Diskette Drive Error Messages 
Message Probable Failure 
600-xx Floppy ID test 
05 Failed to reset controller 
20 Failed to get drive type 
601-xx_ Floppy format 


05 Failed to reset controller 
09 Failed to format a track 


23 Failed to set drive type in ID media 
602-xx_ Floppy read test 


01 Exceeded max soft error limit 
02 Exceeded max hard error limit 


03 Previously exceeded max soft error limit 


04 Previously exceeded max hard error limit 
(Continued) 
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Table A-9. (Continued) ee eee 
Message Problem Failure 
~ 05 Failed to reset controller 
06 Fatal error while reading 
603-xx Floppy write read compare test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 


05 Failed to reset controller 
06 Fatal error while reading 


07 Fatal error while writing 

08 Failed compare of write/read buffers 
604-xx Floppy random seek test 

01 Exceeded max soft error limit 

Q2 €xceeded max hard error limit 

03 Previously exceeded max soft error limit 

04 Previously exceeded max hard error limit 

05 Failed to reset controller 


06 Fatal error while reading 
605-xx_ Floppy ID media test 

20 Failed to get drive type 

24 Failed to read floppy media 

25 Failed to verify floppy media 
606-xx_ Floppy speed test 

26 Failed to read media in speed test 

27 Failed speed limits 
607-xx_ Floppy wrap test 

10 Failed sector wrap test 
608-xx_ Floppy write protect test 

28 Failed write protect test 
609-xx Floppy reset controller test 


05 Failed to reset controller 


(Continued) 


SS ee eee 


Table A-9. (Continued) 
Message Problem Failure 
610-xx Floppy change line test — 
21 Failed to get change line status 
22 Failed to clear change line status 
694-00 Pin 34 not cut on 360-Kbyte diskette drive 


697-00 Diskette type error 


698-00 Diskette drive speed not within limits 
699-00 Drive/media ID error - Rerun SETUP 


— Se 


Serial Communications 


Table A-10 lists error messages for serial 
communications-related errors. 


Table A-10. Serial Communications Error Messages 
Message Probable Failure 
lixx-yy Serial port test failed 
01-01 UART DLAB bit failure 
01-02 Line input or UART fault 
01-03 Address line fault 
01-04 Data line fault 
01-05 UART control signal failure 
01-06 UART THRE bit failure 
01-07 UART DATA READY bit failure 
01-08 UART TX/RX buffer failure 
01-09 INTERRUPT circuit failure 


01-10 COM 1 set to invalid interrupt 


QO1-11 COM 2 set to invalid interrupt 
Q1-12 DRIVE/RECEIVER control signal failure 


01-13 UART control signal interrupt failure 
01-14 DRIVER/RECEIVER data failure 


(Continued) 


Table A-10. (Continued) 
Message Probable Failure 
09-01 Clock register initialization failure 


09-02 Clock register rollover failure 
09-03 Clock reset failure 


09-04 Input line or clock failure 
09-05 Address line fault 
09-06 Data line fault 


Modem 


Table A-11 lists error messages for serial 
communications-related errors. 


Table A-11. Modem Error Messages 
Message Probable Failure 


1201-xx__ Modem Internal Loopback Test 
01 UART DLAB bit failure 


02 Line input or UART fault 

03 Address line fault 

04 Data line fault 

05 UART control] signal failure 
06 UART THRE bit failure 

07 UART DATA READY bit failure 
08 UART TX/RX buffer failure 
09 INTERRUPT circuit failure 


10 COM 1 set to wrong interrupt 
11 (COM 2 set to wrong interrupt 
12 DRIVER/RECEIVER control signal failure 


13 _UART control signal interrupt failure 
14 DRIVE/RECEIVER data failure 


15 Modem detection failure 
(Continued) 
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Table A-11. (Continued) 
Message Probable Failure 
16 Modem ROM checksum failure 
17 Tone detection failure 
1202-xx Modem Time-out 


1202-01 Modem Timed out waiting for SYNC 
02 Modem Timed out waiting for modem response 
03 Modem Exceeded data block retry limit 


1203-xx Modem External Termination Test 
01 Modem external TIP/RING failure 
02 Modem external DATA TIP/RING failure 
03 Modem line termination failure 
1204-xx_ Modem Auto Originate Test 
01 Modem Timed out waiting for SYNC 
02 Modem Timed out waiting for modem response 
03 Modem exceeded data block retry limit 


04 RCV exceeded carrier lost limit 
05 XMIT exceeded carrier lost limit 


06 Timed out waiting for Dial Tone 
07 Dial number string too long 
08 Modem timed out waiting for remote response 


09 Modem exceeded maximum re-dial limit 


10 Line Quality prevented remote connection 


11 Modem timed out waiting for remote 
connection 


1205-xx Modem Auto Answer Test 


01 Modem Timed out waiting for SYNC 


02 Modem Timed out waiting for modem response 
03 Modem exceeded data block retry limit 


04 RCV exceeded carrier lost limit 
05 XMIT exceeded carrier lost limit 
06 Timed out waiting for Dial Tone 
07 Dial number string too long 
(Continued) 
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Table A-11. (Continued) 

Message Probable Failure 
08 Modem timed out waiting for remote response 
09 Modem exceeded maximum re-dial limit 
10 Line Quality prevented remote connection 


11 Modem timed out waiting for remote 
connection 


1210-xx Modem Direct Connect Test 


Q1 Modem Timed out waiting for SYNC 
02 Modem Timed out waiting for modem response 
03 Modem exceeded data block retry limit 


04 RCV exceeded carrier lost limit 
05 XMIT exceeded carrier lost limit 
06 Timed out waiting for Dial Tone 


07 Dial number string too long 

08 Modem timed out waiting for remote response 

09 Modem exceeded maximum re-dial limit 

10 _ Line Quality prevented remote connection 

11 Modem timed out waiting for remote 
connection 


Fixed Disk Drive 


Table A-12 lists error messages for fixed disk drive- 
related errors. 


Table A-12. Fixed Disk Drive Error Messages 

Message Probable Failure 

1700-xx Hard disk ID test 
05 Failed to reset controller 
09 Failed to format a track 
41 Failed to ID hard disk (drive not ready) 
42 Recalibrate drive failed 
45 Failed to get drive parameters from ROM 
46 Invalid drive parameters found in ROM 
64 Not a COMPAQ HD Controller ROM 
66 Failed init drive parameter 

. 69 Failed to read drive size from controller 

70 Failed translate mode 


71 Failed non-translated mode 
170l-xx Hard disk format test 


05 Failed to reset controller 

09 Failed to format a cylinder 
42 Recalibrate drive failed 

58 Failed to write sector buffer 
59 Failed to read sector buffer 


66 Failed init drive parameter 
(Continued) 


Table A-12. (Continued) 

Message Problem Failure 

1702-xx Hard disk read test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 
05 Failed to reset controller 


06 Fatal error while reading 

40 Failed cylinder 0 

65 Exceeded max bad sector per track 
68 Failed to read long 


70 Failed translate mode 
71 Failed non-translated mode 
72 Bad track limit exceeded 


73__Previously exceeded bad track limit 
1703-xx Hard disk write read compare test 


01 Exceeded max soft error limit 
02 Exceeded max hard error limit 


03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 


05 Failed to reset controller 
06 Fatal error while reading 


07 Fatal error while writing 
08 Failed compare of write/read buffers 


40 Cylinder 0 error 
55 Cylinder 1 error 


63 Failed soft error rate 
65 Exceeded max bad sector per track 
67 Failed to write long 
(Continued) 
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Table A-12. (Continued) 
Message Problem Failure 
1703-xx Hard disk write read compare test 
68 Failed to read long 
70 Failed translate mode 
71 Failed non-translate mode 
72 Bad track limit exceeded 
73. Previously exceeded bad track limit 
1704-xx Hard disk random seek test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 


03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 
05 Failed to reset controller 

06 Fatal error while reading 

40 Cylinder 0 error 

95 Cylinder 1 error 

65 Exceeded max bad sector per track 


70 Failed translate mode 

71 Failed non-translate mode 

72 Bad track limit exceeded 

73° Previously exceeded bad track limit 
1705-xx Hard disk controller test 

05 Failed to reset controller 

44 Failed hard disk controller diagnostics 

56 Failed controller RAM diagnostics 


57 Failed controller to drive diagnostics 
1706-xx Hard disk drive ready test 


41 Drive not ready 
1707-xx Hard disk recalibrate test 
42 Failed to recalibrate drive 
(Continued) 
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Table A-12. (Continued) 

Message Problem Failure 

1708-xx Hard disk format bad track test 
02 €xceeded max hard error limit 
05 Failed to reset controller 
09 Format track bad failed 
42 Recalibrate drive failed 
43 Failed to format a cylinder bad 
58 Failed to write sector buffer 
59 Failed to read sector buffer 

1709-xx Hard disk reset controller test 
05 Failed to reset controller 


1710-xx_ Hard disk park head test 
45 Failed to get drive parameters from ROM 


47__Failed to park heads 
1714-xx Hard disk file write test 


01 Exceeded max soft error limit 
02 Exceeded max hard error limit 


03 Previously exceeded max_soft error limit 
04 Previously exceeded max hard error limit 


05 Failed to reset controller 
06 Fatal error while reading 


07 Fatal error while writing 

08 Failed compare of write/read buffers 
10 Failed floppy sector wrap during read 
20 Failed to get floppy drive type 

24 Failed to read floppy media 


25 Failed to verify floppy media 
(Continued) 


Table A-12. (Continued) 
Message Problem Failure 
1714-xx Hard disk file write test 
48 Failed to move disk table to RAM 


49 Failed to read floppy media in file 
write test 


50 Failed File I/0 write test 
51 Failed File I/O read test 
52 Failed File 1/0 compare test 


95 Failed cylinder 1 
65 Exceeded max bad sector per track 


70 Failed translate mode 

71 Failed non-translate mode 

72 Bad track limit exceeded 

73 Previously exceeded bad track limit 
1715-xx Hard disk head select test 

45 Failed to get drive parameters from ROM 

53 Failed Drive/Head register test 


04 Failed Digital Input register test 
1716-xx Hard disk conditional format test 


01 Exceeded max soft error limit 

02 Exceeded max hard error limit 

05 Failed to reset controller 

06 Fatal error while reading 

07 Fatal error while writing 

08 Failed compare of write/read buffers 


09 Failed to format a cylinder 
40 Cylinder 0 error 


42 Failed recalibrate 


95 Cylinder 1 error 
(Continued) 


Table A-12. (Continued) 

Message Problem Failure 

1716-xx Hard disk conditional format test 
58 Failed to write sector buffer 
59 Failed to read sector buffer 


60 Failed to compare sector buffer 
65 Exceeded max bad sector per track 
66 Failed init drive parameter 


70 Failed translate mode 

71 Failed non-translate mode 

72 Bad track limit exceeded 

73__ Previously exceeded bad track limit 
1717-xx Hard disk ECC test 

01 Exceeded max soft error limit 

02 Exceeded max hard error limit 


03 Previously exceeded max soft error limit 

04 Previously exceeded max hard error limit 

05 Reset controller failed 

06 Fatal error while reading (BIOS st. >= 0x20) 
07 Fatal error while writing 

08 Failed compare of write/read buffers 

40 Cylinder 0 failed 

55 Cylinder 1 failed 

61 Failed uncorrectable error 

62 Failed correctable error 


65 Exceeded max bad sector per track 
67 Failed to write long 
68 Failed to read long 


70 Failed translate mode 

71 Failed non-translate mode 

72 Bad track limit exceeded 

73. Previously exceeded bad track limit 


1799-00 Invalid fixed disk drive type 


Error Messages A-13 


Fixed Disk Drive Backup (Tape) 


Table A-13 lists fixed disk drive backup-related 
errors. 


Table A-13. Fixed Disk Drive Backup (Tape) 
Error Messages 


Message Probable Cause 
1900-xx Tape ID 
01 Drive not installed 
02 Cartridge not installed 
26 Can not identify drive 
27 Drive not compatible with controller 


37. Drive installed in other than drive 3 


1901-xx Tape servo write 
01 Drive not installed 
02 Cartridge not installed 
03 Tape motion error 
04 Drive busy error 
05 Track seek error 
06 Tape write protected error 
07 Tape already servo written 


08 Unable to servo write 

11 Drive recalibration error 

21 Got servo pulses 2'nd time but not 1'st 
22 Never got to EOT after servo check 

25 Unable to erase cartridge 

27 Drive not compatible with controller 


91 Power loss during test - replace cartridge 
or bulk erase it 


1902-xx_ Tape format 
01 Drive not installed 
02 Cartridge not installed 
(Continued) 
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Table A-13. (Continued) 
Message Problem Failure 


1902-xx Tape format 

03 Tape motion error 

04 Drive busy error 

05 Track seek error 

06 Tape write protected error 
09 Unable to format 

10 Format mode error 

11 Drive recalibration error 


12 Tape not servo written 
13__Tape not formatted 
21 Got servo pulses 2'nd time but not 1'st 
22 Never got to EOT after servo check 
27 Drive not compatible with controller 
28 Format gap error 
1903-xx__Tape drive sensor test 
01 Drive not installed 
23 Change line unset 
27 Drive not compatible with controller 
1904-xx Tape BOT EOT test 
01 Drive not installed 
02 Cartridge not installed 
03 Tape motion error 
04 Drive busy error 
05 Track seek error 
15 Sensor error flag 
27 Drive not compatible with controller 
30 Exception bit not set 
31 Unexpected drive status 
32 Device fault 


33 Illegal command 
(Continued) 


Table A-13. (Continued) 
Message Problem Failure 
34 No data detected 
35 Power-on reset occured 
1905-xx_ Tape read test 
01 Drive not installed 
02 Cartridge not installed 
03 Tape motion error 


04 Drive busy error 

05 Track seek error 

14 Drive timeout error 

16 Block locate (block ID) error 
17 Soft error limit exceeded 

18 Hard error limit exceeded 


___19 Write error (probably ID error) 

27 Drive not compatible with controller 
30 Exception bit not set 
31 Unexpected drive status 
32 Device fault 
33 Illegal command 
34 No data detected 
35 Power-on reset occured 

1906-xx Tape write/read/compare test 
01 Drive not installed 
02 Cartridge not installed 
03 Tape motion error 


04 Drive busy error 


05 Track seek error 
06 Tape write protected error 
14 Drive timeout error 
16 Block locate (block ID) error 
17 Soft error limit exceeded 
(Continued) 


Table A-13. (Continued) 
Message Problem Failure 
18 Hard error limit exceeded 


19 Write (probably ID error) 

27 Drive not compatible with controller 
30 Exception bit not set 

31 Unexpected drive status 

32 Device fault 

33 I) legal_ command 

34 No data detected 

35 Power-on reset occured 


1907-xx Tape Write-Protected Test 
24 Failed write-protected test 
30 Exception bit not set 
31 Unexpected drive status 
32 Device fault 
33 I] legal command 
34 No data detected 
35 Power-on reset occured 


Error Messages A-15 


Enhanced Color Graphics and Video 
Graphics Controller Boards 


Table A-14 lists the Enhanced Color Graphics and 
Video Graphics Controller Boards-related errors. 


Table A-14. Enhanced Color Graphics and Video 
Graphics Controller Boards-Related 
Error Messages 


Message Probable Failure 


2402-01 VDU memory test failed 
2403-01 VDU attribute test failed 


2404-01 VDU character set test failed 

2405-01 VDU 80x25 mode 9x14 char cell test failed 

2406-01 VDU 80x25 mode 8x8 char cell test failed 

2407-01 VOU 40x25 mode test failed 

2408-01 VDU 320x200 mode color set 0 test failed 

2409-01 VDU 320x200 mode color set 1 test failed 

2410-01 VDU 640x200 mode test failed 

2411-01 VDU Screen memory page test failed 

2412-01 VDU Gray scale test failed 

2414-01 VDU White screen test failed 

2416-01 VDU Noise pattern test failed 

2417-01 Lightpen text mode test failed - no 
response 

2417-02 Lightpen text mode test failed - invalid 


response 
2417-03 Lightpen medium res. mode test failed - 
no response 
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Table A-14 (Continued) 


Message Probable Failure 
2417-04 Lightpen medium res. mode failed - invalid 
response 


2418-01 ECG or VG memory test failed 

2418-02 ECG or VG shadow RAM test failed 

2419-01 ECG or VG ROM checksum test failed 

2420-01 ECG or VG attribute test failed 

2421-01 ECG or VG 640x200 graphics mode test failed 

2422-01 ECG or VG 640x350 16 color set test failed 

2423-01 ECG or VG 640x350 64 color set test failed 

2424-01 ECG or VG monochrome text mode test failed 

2425-01 ECG or VG monochrome graphics mode test 
failed 


2431-01 Failed 640 x 480 graphics 
2432-01 Failed 256-color mode test 


Memory-Error Codes 


Memory-error codes result when the system detects a 
memory fault during the power-on self-test or as a 
result of a diagnostic test. The test programs 
attempt to isolate the memory fault to a specific 
chip, then generate a memory-error code that 
specifies which memory chip to replace. 


In some cases, replacing the memory chip will not 
solve the problem because: 1) the system may not be 
able to accurately determine which chip or chips are 
at fault, and 2) the problem may be due to a failure 
in the memory-support circuitry, not the memory 
device. 


If replacing the indicated memory devices does not 
solve the problem, return your system to an 
Authorized COMPAQ Dealer for service. Memory boards 
with soldered memory devices should also be returned 
to an Authorized COMPAQ Dealer for service. 


The memory-error code points to a specific memory 
address. The physical location of the memory address 
depends on the type of system, the number and type of 
memory boards installed, and type of memory device 
used (64K RAMs or 256K RAMs). 


This section provides 10 tables to help you identify 
which memory device to replace when the system shows 


a memory error. 


Use the following chart to determine 


which of the 10 tables to use to find the suspected 
defective chip. 


COMPAQ PORTABLE 286 Memory Configurations 


System 
Board 
RAM 
Type 


64K 


256K 


64K 


Note: 


Error Code 
XX Value 
00 to 02 
(0-256 KB) 
10 to 2E 
(1-3 MB) 
00 to 08 
(0-640 KB) 
10 to 2E 
(1-3 KB) 
00 to 08 
(0-640 KB) 
00 to 08 
(0-640 KB) 
10 to 2E 
(1-3 MB) 


Memory 
Device Location 


System Board 


Memory Expansion 
Board 


System Board 


Memory Expansion 
Board 


System Memory Board 


Version 2 System 
Board 
Memory Expansion 
Board 


XX codes 0A to OF represent the memory space 
for the video memory and system ROMs. 
in the video memory or system ROM space are 

not reported in the XX000B YYZZ error message 
format. 


Errors 


(Continued) 


(Continued) 

System 

Board 

RAM Error Code 

Type XX Value 

256K 00 to 08, 
10 to 26 
(0-640 KB, 
1-2.5 MB) 
00 to 08, 
10 to 26 
(0-640 KB, 
1-2.5 MB) 
28 to 46 


(2.5-4.5 MB) 


48 to 66 


(4.5-6.5 MB) 


68 to 86 


(6.5-8.5 MB) 


Note: XX codes 0A to OF represent the memory space 
for the video memory and system ROMs. 


Error Messages 


Memory | 
Device Location 


System Memory Board 


Version 2 
System Board 


Memory Expansion 
Board 
Memory Expansion 
Board 
Memory Expansion 
Board 
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6 


7 


10 


Errors 


in the video memory or system ROM space are 
not reported in the XX000B YYZZ error message 


format. 
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Table 1. Defective Memory Chip Isolation Map for the COMPAQ PORTABLE 286 
System Board using 64K RAMs (0-256 KB) 


Memory-error codes are in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message 020001 0010" specifies chip U50. 


Use the following chart to locate a defective memory chip: 


XX = 00 XX = 02 
Bank 0 Bank 1 
Data Bit B=0 B=1 B=0 Be=l 
YY or ZZ Low High Low High 
01 
o2 = [vzo] [vai ] 
oo — [ues] [a8] 
08 U41 U42 U43 U44 
10 = Lua7] [uss] 
20 
40 U70 U71 U72 U73 
so [vai] [sz ] 


00 U88 U89 US0 US] 


Error Messages 


Table 2. Defective Memory Chip Isolation Map for the COMPAQ PORTABLE 286 
System Board using 256K RAMs (0-640 KB) 


Memory-error codes are in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message (020000 0100" specifies chip U7. 


Use the following chart to locate a defective memory chip: 


XX = 00 XX = 02, 04, 
06, 08 
Bank 0 Bank 1 
Data Bit B=0 B=1 B=0 B=1 
YY or ZZ Low High Low High 
01 
0 
04 
08 
10 U47 uaa] [uso 
20 
40 
80 usi] [use U83 


00 U88 U89 US0 U91 
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Table 3. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 1-3 MB Memory Space (256 KB RAMs) 


This isolation map is valid for a system memory board that uses 64K RAMs. 
Memory-error codes are in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message “240000 0100" specifies chip U55. 


Use the following chart to locate a defective memory chip: 


XX = 10, 12, XX = 18, 1A, XX = 20, 22, XX = 28, 2A 
14, 16, IC, 1€, 24, 26, 2C, 2E 
Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B=1 B=0 B=1 B=0 B=1 B=0 B=-1 B=0 
YY or ZZ ~ High Low High Low High —° Low High Low 
80 
40 u13 uz] [u31 u49 uss] [us7 
20 
10 
08 
04 
02 U18 U27 U36 U45| | U54 U63 U72 
01 


Se 
© 
cc 
-— 
—_— 
= 
Mh 
i) 
= 
ine) 
oO 
= 
Ww 
1@ 9) 
= 
= 
wd 
i 
On 
Oo 
<= 
oO 
on 
i 
~~ 
> 


Error Messages 


Table 4. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
System Memory Board using 64K RAMs (0-640 KB) 
The memory-error code is in the format XX000B YYZZ. 


XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 


B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 


When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message ‘040001 0010" specifies chip U24. 


Use the following chart to locate a defective memory chip: 


XX = 00 XX = 02 XX = 04 XX = 06 XX = 08 
Bank 0 Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B=1l B=0 B=1 B=0 B=1 B=0 B=1 B=0 B=1 B=0 
YY or ZZ ~~ High Low High Low High Low High Low High Low 
eo [ul] [ue 
40 U13 U22 U31 u4o| | u4g u58| | U67 
20 
10 
08 U16 U25] | U34 u43| | u52 U61 U70 
04 
02 
01 uio| [ug U28] | U37 u46{ | U55 ue4| | U73 
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Table 5. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
System Memory Board using 256K RAMs (0-640 KB, 1-2.5 MB) 


Memory-error codes are in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message "040001 0010" specifies chip U6. 


Use the following chart to locate a defective memory chip: 


XX = 00 XX = 02, 04, XX = 10, 12, XX = 18, 1A, XX = 20, 22, 
06, 08 14, 16 Ic, 1E 24, 26 
Bank 0 Bank 1 Bank 2 Bank 3 Bank 4 

Data Bit B=1 B=0 B=1 B=0 B=1 B=0 B=1 B=0 B=1 B=0 
YY or ZZ High Low High Low High Low High Low High Low 
so [ul | [ve 
a [az] 
20 U14 u23| [u32 u4i] [50 U59 
10 
08 

04 U17 u26] [35 U53 us2| [u71 
02 
01 


00 Ul U20 U29 U38 U47 U56 U65 U74 
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Table 6. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
Version 2 System Board using 64K RAMs (0-640 KB) 


The memory-error code is in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message ‘040001 0010" specifies chip U96. 


Use the following chart to locate a defective memory chip: 


XX = 00 XX = 02 XX = 04 XX = 06 XX = 08 

Bank 0 Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B=1 B=0 B=1 B=0 B=i B=Q0 B=1 B=0 B=1 B=0 
YY or ZZ ~~ High High Low High Low High Low High Low 
80 vizi] [uli 
40 fiz] [uno 
20 126] [u10 U95 uss] [u54 u42| [29 
10 fusz7] Luu U96 


04 129 
02 130 


<= 
wo 
wo 
Cc 
o-) 
oo 

i = 

~“ ~ 

w RO 

Big 

on 

© 

| |g 

> 

a | 

cC 

fet) 

> 


01 131 
00 132 


Low 
08 uiz0] [u1i7 
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Table 7. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
Version 2 System Board using 256K RAMs (0-640 KB, 1-2.5 MB) 


The memory-error code is in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message "040001 0010° specifies chip U121. 


Use the following chart to locate a defective memory chip: 


XX = 00 XX = 02, 04, XX = 10, 12, XX = 18, 1A, XX = 20, 22, 
06, 08 14, 16 IC, TE 24, 26 
Bank 0 Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B=l1 B=0 B=1 B=0 B=1 B=0 B=l B=0 B=1l B=0 
YY or ZZ ~~ High High Low High Low High Low High Low 


40 125 
20 126 U95 
10 127 
08 128 U11 U120 U117 U97 | | U86 | 
04 129 U98 U71 
02 130 


01 131 100 


CH] CC] yO] FsCyY JOY? yoy] PCy pcre Te 
> 
[ one CT] |; Cclrrm 
— — i] [10 
Ory -] ToT Trp] te | Toy] Tor Toy] im 
(as 
— 
ipo) 
— 
Ce 
— 
— 
co 
Cc)rlic 
om 
ide) 
Ww 
a 
Cc 
on 


00 132 Ull U122 Y119 101 USO U74 U60 U48 U35 
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Table 8. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 2.5-4.5 MB Memory Space (256 KB RAMs) 


This isolation map is valid for a system memory board that uses 256K RAMs. 
Memory-error codes are in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message '2A0001 0080" specifies chip U3. 


Use the following chart to locate a defective memory chip: 


XX = 28, 2A, XX = 30, 32, XX = 38, 3A, XX = 40, 42, 
2C, 2E 34, 36 3C, 3E 44, 46 
Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B=1 B=0 B=1 B=0 B=1 B=0 B=1 B=0 
YY or ZZ ~~ High Low High Low High Low High Low 
80 
o Te) fl 
20 U14 u23] | u32 v4i] [uso U59 
© = Ce] Ge 
08 
04 u26| [35 U53 U71 
02 
a = [vio] [ui9 | 


U74 


A-26 80286-Based Products Technical Reference Guide 


Table 9. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 4.5-6.5 MB Memory Space (256 KB RAMs) 


Memory-error codes are in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message 520000 0400" specifies chip U35. 


Use the following chart to locate a defective memory chip: 


XX = 48, 4A, XX = 50, 52, XX = 58, 5A, XX = 60, 62, 
4c, 4E 54, 56 5C, 5E 64, 66 
Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B=1 B=0 B=1 B=0 B=1 B=0 B=1 B=0 
YY or ZZ _ High Low High Low High Low High Low 
80 
© = [fe] fo 
20 rus | |ul4 U23 U32 U41 U50 u59| | uss 
1 = (oe } [ais] 
08 
04 U17 u26| [35 U53 us2] [u7t 
02 
ee OC ee 


00 Ull U20 U29 U38 U47 U56 U65 U74 
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Table 10. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 6.5-8.5 MB memory space (256K RAMs) 


Memory-error codes are in the format XX000B YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 
For example, the memory-error message '860000 0200" specifies chip U72. 


Use the following chart to locate a defective memory chip: 


XX = 68, 6A XX = 70, 72, XX = 78, 7A, XX = 80, 82, 
6C, 6E 74, 76 7C, 7E 84, 86 
Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B=1 B=0 B=1 B=0 B=1 B=0 B=1 B=0 
YY or ZZ ~~ High Low High Low High Low High Low 
80 
r 
20 
10 U33 U42 U51 uso| | U69 
08 
04 
02 U18 U27 U36 U45 U54 U63 U72 
a 


INDEX 


INDEX 


1.2-megabyte diskette drive 10-2 
1.44-megabyte diskette drive 1-2, 10-3, 10-4, 14-51, 

14-36 
101-key keyboard 8-1 
12 MHz 80286 2-128 
16-bit data bus 2-3 
24-bit address bus 2-3 
320 x 200-pixel graphics mode 7-17 
360-Kbyte diskette drive 10-2, 10-3 
512/2048-Kbyte Memory Expansion Board 4-1 
640 x 200-pixel] graphics mode 7-17 
6845 CRT controller 7-4 
6845 Video Controller 7-4 
80286 1-1, 1-2, 1-5, 1-7, 1-15, 


2-1, 2-3, 2-6, 2-7, 2-8, 2-20,2-31, 2-59, 

2-64, 2-74, 2-142, 2-156, 2-130, 2-132, 2-134, 

2-171, 2-186, 2-189, 2-200 

80287 15; b=74. 27-6).:2-19,. 2-72 ..-2-715 5, 2-201, 
2-130, 2-132, 2-141, 14-19 

8042 2-39, 2-40, 2-41, 2-43, 2-45, 2-50, 2-53, 2-72, 
2-166, 2-167, 2-168, 2-169, 2-170, 2-171, 8-1, 8-18 
14-3, 14-4, 14-78 


8042 Date I/0 Register 2-18 
8042 Port Functions 2-43 
8042 Output Port 2-43 
8042/Keyboard Communications Time Restraints 2-53 
8088/8086 1-15, 2-6, 14-21 
8237 DMA Controllers 2-18, 2-21, 2-143 
8254 2-53, 2-140, 2-180, 14-21 


8259A 2-35 


8259A Interrupt Controller 2 2-19 
8259A Interrupt Controller 1 2-18 
84-key keyboard 8-1, 8-7 
A 

AC Input 9-2 
ACE INTERRUPT ID REGISTER (3FAh, READ-ONLY) 5-13 
ACE MODEM STATUS REGISTER (3FEh, READ-ONLY) 5-15 
ACE LINE STATUS REGISTER (3FDh, READ-ONLY) 5-15 
ACE RECEIVER BUFFER (3F8h) 5-12 
ACE LINE CONTROL Register B-9 
ACE RESERVED Register B-11 
ACE LINE STATUS, Register B-10 
ACE LINE CONTROL REGISTER (3FBh) 5-14 
ACE INTERRUPT ID Register B-8 
ACE Receiver Buffer or Transmitter Holding B-7 
ACE MODEM CONTROL REGISTER (3FCh) 5-14 
ACE MODEM CONTROL Register B-9 
ACE MODEM STATUS, Register B-10 
ACE INTERRUPT ENABLE REGISTER (3F9h) 5-13 
ACE BAUD RATE DIVISOR LATCH Register B-7, 5-12 
ACE INTERRUPT ENABLE Register B-8, 5-13 
ACE RESERVED (3ffh) 5-15 
ACK (FAh) Keyboard Response 8-15 
Address Handling 2-62, 2-189 
Address bus 1-15 
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Address decoding 2-62 
Advanced Diagnostics Error Messages A-4 
Memory A-6 
Printer A-7 
Serial Communications A-9 
Keyboard A-6 
Modem A-9 
Fixed Disk Drive Backup (Tape) A-14 
Processor A-4 
Video A-7 
Diskette Drive A-8 
Alarm Service 14-10 
ALTERNATE STATUS Register (3F6h, READ-ONLY) 6-9 


AM2966 2-8 
Architecture 2-181 
Asynchronous Communication/Parallel Printer Board B-1 
ASYNCHRONOUS COMMUNICATIONS INTERRUPTS 14-70, 14-71 
Asynchronous communications 5-11, 5-19, 5-20, 5-22, 5- 
26 


Asynchronous Communications Connector 5-26 
Asynchronous communications ports 14-70 
AUTO mode 2-199 
Autocycle Circuitry 9-3 
ee 
BASE AND CURRENT WORD COUNT - CHANNELS 0-3 2-28 
Base Memory 2-136 
$ize 2-37, 2-136, 2-163 
Size Switch Settings 2-14 


Base Memory Size 14-30 
BASE AND CURRENT WORD COUNT - CHANNELS 0-3 2-151 


BASE AND CURRENT ADDRESS - CHANNELS 0-3 2-28, 2-150 


Battery 1-2, 2-31, 2-71, 2-73, 2-156, 2-198, 
BAUD RATE DIVISOR LATCH (3F8h, 3F9h) 5-12 
BIOS 2-11, 2-17, 2-31, 7-4, 8-18, 14-1 
coprocessor interrupts 14-19 
extensions 14-30, 14-33 
firmware 14-9 
Initialization 14-3 
Interrupts 14-9 
keyboard interrupts 14-79 
processor interrupts 14-14 
printer interrupts 14-64 
RAM 14-3, 14-5, 14-21 
ROM 14-3, 14-9, 14-126 
stack 14-3 
Type Code 14-129 
variables 14-7 
Boot Fail 14-10, 14-30, 14-47 
Bootstrap 14-4, 14-10, 14-30, 14-47 
Bootstrapping 14-3 
Bound Exceeded 14-10, 14-14, 14-65 
BREAK (F0h) Keyboard Response 8-15 
Bus Timing 2-68, 2-195 
Bus Driving/Loading Information 2-6/7 
Bus functions 2-3 
Byte-DMA Operations 2-65, 2-192 


C 
CBC Gate Array 2-75, 2-76, 2-201, 2-202, 2-135 
Character Codes 7-16 
Character generator 7-6 
Clock Function 2-132 
Clock generator and READY interface 2-6, 2-130, 2-132 
Clock circuits 2-7, 2-40, 2-41, 2-71, 2-74 
2-167, 2-168, 2-198, 2-200, 7-18 
COLOR Register (3D9h, WRITE-ONLY) 7-12 


Color Graphics board 1-2 
COM1 5-6, 5-11, 5-190, 5-20 


COM2 5-11, 5-19, 5-20 


COMMAND Register 2-15, 2-144, 2-147 


COMMAND Register (1F7h, WRITE-ONLY) 6-8 
Command codes 2-167, 2-172, 2-174 


INDEX 3 


Commands, 

DISABLE (F5h) 8-13 
ECHO (EEh) 8-12 
ENABLE (F4h) 8-13 
MASTER RESET 2-29, 2-153 
NOP (F7h..FDOh) 8-13 
NOP (EFh. .F2h) 8-12 
RESEND (FEh) 8-13 
RESET (FFh) 8-13 
RESET MASK 2-154 


2-28, 2-29, 2-150, 
2-1ol 2-192; 2-253 


RESET POINTER FLIP-FLOP 


SET STATUS INDICATORS (EDh) 8-11 
SET KEY REPEAT RATE (F3h) 8-12 
SOFTWARE DRQx REQUEST 2-27, 2-150 
SET DEFAULT CONDITIONS (F6h) 8-13 


WRITE ALL MASK BITS 2-26, 2-27, 2-149 
WRITE SINGLE MASK BIT 2-26, 2-272-149 
COMMON mode 2-72, 2-73 
Communication Protocol 8-5 
COMPAQ 16-Bit Custom Interface 11-1 
COMPAQ DESKPRO 286 2-74, 2-128, 2-132, 2-135 
with Version 2 System Board 2-77 
Memory System 2-13 
RAM 2-13 
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COMPAQ DESKPRO 286 Version 1 System Board 1-5, 2-/6 
COMPAQ DESKPRO 286 Version 2 system board 2-13, 2-74 


ROM 2-16 
COMPAQ Dual-Mode Monitor 1-§. 7-18. 13-1 
Waveforms 13-5 
COMPAQ Enhanced Keyboard 8-2, 8-16 
Mode 1 8-18 
Mode 2 8-18 
Mode 3 8-18 
COMPAQ PORTABLE 286 1-1, 2-9, 2-74 
Memory System 2-9 
RAM 2-9 
ROM 2-11 
system Board 2-74, 2-76, 2-77 
COMPAQ Video Display Controller Board 1-2 
Composite Video Monitors 7-20 
Configuration 2-35 
Configuration Bytes 

OEh--Diagnostic Status Byte 2-35 
OFh--Reset Code Byte 2-35, 2-161 
10h--Diskette Drive Type 2-36, 2-161 
12h--Fixed Disk Drive Type 2-36, 2-162 
14h--Equipment Installed 2-37, 2-162 
15h and 16h--Base Memory Size 2-37, 2-163 
17h and 18h--Memory Amount 2-37 
2Dh--Additional Flags 2-38, 2-164 
2Eh and 2Fh--Memory Checksum 2-38, 2-164 
30h and 31h--Memory Over 1 MB 2-38, 2-165 
32h--Date, Century 2-39, 2-165 
33h--System Information 2-39, 2-166 
CONFIGURATION MEMORY 2-12, 2-35, 2-36, 2-37, 2-38 
Control bus 1-15, 2-3 


Coprocessor 2-6 
Coprocessor Interrupts 14-19 
Counter, Timer-Ticks-Since-Midnight 14-3 
CPU 2-62, 2-64, 2-65, 2-67, 2-73, 2-74, 2-76 

2-128, 2-130, 2-187, 2-189 
interrupts 14-9 
speed 2-73, 2-76, 2-199, 2-202, 14-80, 14-86 
Speed Control 2-71 
CPU and CPU support circuitry 2-128, 2-131 
CURRENT WORD COUNT - CHANNELS 0-3 2-28, 2-152 
CURRENT ADDRESS CHANNELS 0-3 2-28, 2-151 
Custom LSI device 5-9 
CYLINDER LOW Register (1F4h)° 6-6 
CYLINDER HIGH Register (1F5h) 6-6 
De 
Data bus 1-15, 2-9 
Data format 2-168, 2-169 
Data Handling 2-63, 2-190 


Data Timing Parameters 2-169 
Data transfer 2-151, 2-168 
DATA TRANSFER RATE CONTROL (3F7h, WRITE-ONLY) 5-8 
Data I/0 register 2-44 
Data Cable Connector 11-8 
Data transfers 2-146, 2-153 


DATA Register (1FOh) 6-3 
DATA Register (3D5h) 7-9 
Determining Media 14-48 
Devices 2-135, 2-138 
Direct Memory Access 2-21 
Direct Memory Access Controllers 2-21, 2-143 
DISABLE Command (F5h) 8-13 
Disk Operating System 2-3 
Diskette Change 14-49 
Diskette drives 10-1, 14-48 
Diskette I/0 Function Summary 14-53 
DISKETTE DRIVE TYPE 2-36 
Diskette Drive Status Codes 14-52 
Diskette Parameter Table 14-50 
Diskette drive parameter 14-55 
Diskette drive type 2-16] 


Diskette Drive Interrupts 14-48, 14-49, 14-50, 14-62 
Diskette drive parameter table 14-55, 14-56, 14-57, 

4-63 
DISKETTE] AND FIXED DISK1 STATUS (3F7h, READ ONLY) 5-8 


INDEX 


DMA 2-17, 2-18, 2-21, 2-62, 2-63, 2-64, 
2-65, 2-66, 2-72, 2-80, 2-139,2-143, 2-189, 5-/ 
channels 2-21,2-29, 2-30, 2-64, 2-67, 2-143, 
2-154, 2-155 

[=16,.2=20,.:2-21. = 2-23;,2-29; 

2-64 - 2-66, 2-140, 2-143, 2-144,2-146, 
2-154, 2-191 - 2-193, 2-205 


Controller 


Controller Registers 2-23, 2-145 
Memory Page Register 1-16, 2-21, 2-29, 2-30 

2-139, 1-154 
Operations 2-65, 2-192 
Page Register 2-18 
DOS 2-3, 2-130 
DRIVE CONTROL (3F2h, WRITE-ONLY) 5-7 
DRIVE CONTROL Register (3F6h, WRITE-ONLY) 6-10 


DRIVE ADDRESS REGISTER Register (3F7h, READ-ONLY) 6-10 
DRIVE Register, ADDRESS REGISTER (3F7h, READ-ONLY) 


6-10 
Drive Controller Circuits 5-7 
Dynamic RAM Refresh 2-66, 2-193 
a ee 
ECC 14-92, 14-98, 14-99, 14-103, 14-104 
ECHO Command (EEh) 8-12 
ECHO (EEh) Keyboard Response 8-15 
ENABLE Command (F4h) 8-13 
Enhanced Keyboard 14-77 


5 


6 80286-Based Products Technical Reference Guide 


Enhanced Color Graphics Error Messages A-15 
EPROM 2-16, 2-138 
ERROR Register (1Fih, READ-ONLY) 6-4 
EXECUTE CONTROLLER DIAGNOSTIC 6-17 
Expansion board 2-7 
Expansion bus 2-3, 2-62, 2-63, 2-68, 2-128, 
2-188, 2-189 
Expansion Memory 
Size 2-136. 2-163 
Size Switch Settings 2-14 
Extended integer 2-6, 2-132 


F 
FAST mode 2-68, 2-72, 2-73, 2-171, 2-174 
2-198, 2-199 
FIGURATION BYTES 17h AND 18h--EXPANSION MEMORY SIZE 
2-163 
File allocation table (FAT) 12-12 
Fixed disk drives 11-1 
Fixed disk drive backup (tape) 12-1 
Fixed disk drive controller (ESDI) 11-15 


command descriptions 6-8, 11-16 
error reporting 6-19 
Fixed disk drive controller board 6-1 
Fixed Disk Drive Controller Error Reporting 6-19 


Fixed Disk DRIVE Interrupts 14-89 
Fixed Disk Drive Parameter Table 14-105 


Fixed Disk Drive Status Code 14-91, 14-92 
FIXED DISK DRIVE TYPE 2-63, 2-162 


Floating point 2-6, 2-132 
FORAMT TRACK 6-15, 14-48 


Formatting a Diskette 14-49, 14-58, 14-61 
Fuses 2-7/4 


G 

GATE ARRAY DEVICES 2-75, 2-201 
CBC 2-75, 2-76, 2-135, 2-201, 2-202 
MAP 2-75, 2-76, 2-201, 2-202 
MSC 2-75, 2-135, 2-201 
General Timing Information 2-7 
Get drive type 14-48 
Get Type of Drive 14-53, 14-60 
Get Key function 14-79 
Get drive parameters 14-48 
Get change line status 14-48 
Get Printer Status 14-69 
Graphics Displays 7-17 


7-15, 14-115, 14-116, 14-118, 
14-119, 14-125 
dot table 14-106 


Graphics mode 


H 
Hardware Concepts 1-15 


14-17, 14-18, 14-20, 14-28, 
14-88, 14-126, 14-127 
HIGH mode 2-171, 2-174, 2-175, 2-195,. 2-198, 2-199 


Horizontal Timing 7-21 
Host Adapter 5-28 


Hardware interrupts 


1/0 address decoding 2-19, 2-20 
1/0 addresses 5-20, 5-23 
1/0 Port Decoding . 2-142 
1/0 address decoding 2-141, 2-142 
1/0 map 1-1, 1-15 
1/0 Port Decoding . 2-20 
IDENTIFY 6-17 
INDEX Register (3D4h, WRITE ONLY) 7-9 
Initialization Diagnostic Messages A-2 
INITIALIZE DRIVE PARAMETERS 6-11 
Interrupts - Coprocessor 14-19 
Interrupts - PROCESSOR 14-14 


INDEX 


Interrupts 2-132, 14-2, 14-4, 14-7, 
14-11, 14-14, 14-18, 

INT 00h - CPU - DIVIDE BY ZERO 
INT Olh - CPU - SINGLE STEP 
INT O2h - HW - NON-MASKABLE INTERRUPT (NMI) 
INT 03h - CPU - SOFTWARE BREAKPOINT 
INT 04h - CPU - ARITHMETIC OVERFLOW 
INT 05h - CPU - BOUND EXCEEDED 14-16, 
INT 05h - SW - PRINT SCREEN 14-16, 
INT 06h - CPU - INVALID OPCODE 
INT O7h - CPU - 80287 NOT PRESENT 
INT 08h - CPU - DOUBLE-EXCEPTION 

ERROR 14-17, 
INT 08h - HW - IRQO, TICK COUNTER 14-17, 
INT 09h - CPU - 80287 SEGMENT OVERRUN 14-20, 
INT OS9h - HW - IRQI, KEYBOARD 14-20, 
INT OAh - CPU - INVALID TASK-STATE SEGMENT 
INT OAh - CPU - INVALID TSS 
INT OAh - HW - SIMULATED IRQ2 14-17, 
INT OBh - CPU - SECMENT NOT PRESENT 
INT OBh - HW - IRQ3, COMM, SECONDARY 
INT OBh - SW - IRQ3, COMM, SECONDARY 
INT OCh - CPU - STACK SEGMENT OVERFLOW 
INT OCh - HW - IRQ4, COMM, PRIMARY 14-18, 
INT ODn - CPU - GENERAL PROTECTION 14-18, 
INT ODh - HW - IRQ5 14-18, 
INT OEh - HW - IRQ6, DISKETTE DRIVE 

INTERRUPT 
INT OFh - HW - IRQ7, PRINTER INTERRUPT 


14-9, 
14-19 
14-15 
14-15 
14-47 
14-15 
14-16 
14-65 
14-65 
14-17 
14-19 


14-28 
14-28 
14-88 
14-88 
1-17 
14-127 
14-127 
14-17 
14-17 
14-75 
14-18 
14-76 
14-127 
14-127 


14-62 
14-70 


] 
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Interrupts (Continued) 
10h - SW - VIDEO 1/0 
00h - SET VIDEO MODE 


INT 
INT 
INT 
INT 
INT 
INT 
INT 


INT 
INT 
INT 


10h, 
10h, 
10h, 
10h, 
10h, 
10h, 


AH 


PAGE 


10h, 
10h, 


10h, AH 


Olh 
02h 


= 03h 


04h 
05h 


06h 
07h 
08h 


SET CURSOR TYPE 

SET CURSOR POSITION 
READ CURSOR POSITION 
READ LIGHTPEN POSITION 
SELECT ACTIVE DISPLAY 


SCROLL ACTIVE PAGE UP 
SCROLL ACTIVE PAGE DOWN 
READ ATTRIBUTE/CHARACTER 


AT CURSOR POSITION 
INT 10h, AH = O9h - WRITE ATTRIBUTE/CHARACTER 
AT CURSOR POSITION 


INT 


INT 
INT 
INT 
INT 
INT 
INT 
INT 
INT 


INT 


10h, AH 


POSITION 
10h, AH = 


10h, 
10h, 
10h, 
10h, 
10h, 
10h, 
10h, 


EXTERNAL 


10h, AH 


INTERNAL 
INT 10h, AH = BFh, AL = 


= OAh - WRITE CHARACTER AT CURSOR 
= OBh - SET COLOR PALETTE 

= OCh - WRITE PIXEL 

= ODh - READ PIXEL 

= OEh - WRITE TTY 

= OFh - READ VIDEO STATE 

= 13h - WRITE STRING 

= BFh - VIDEO BIOS EXTENSIONS 
= BFh, AL = 00h - SWITCH TO 
MONITOR 

= BFh, AL = Olh - SWITCH TO 
MONITOR 


MONITOR DELAY 


04h - SWITCH 


14-108 
14-108 
14-109 
14-110 
14-111 
14-112 


14-112 
14-113 
14-114 


14-115 


14-116 


14-116 
14-117 
14-117 
14-118 
14-119 
14-119 
14-119 
14-121 


14-121 


14-122 


14-122 


Interrupts (Continued) 

INT 1lh - SW - EQUIPMENT CONFIGURATION 
INT 12h - SW - BASE MEMORY SIZE 

INT 13h - SW - DISKETTE I/0 

INT 13h - SW - FIXED DISK DRIVE I/0 


INT 13h, AH = 00h - RESET DISKETTE DRIVE 
SYSTEM 
INT 13h, AH = 00h - RESET FIXED DISK DRIVE 
SYSTEM 
INT 13h, AH = Olh - SENSE STATUS OF LAST 
OPERATION 14-54, 
INT 13h, AH = 02h - READ SECTORS 14-55, 
INT 13h, AH = 03h - WRITE SECTORS 14-56, 
INT 13h, AH = 04h - VERIFY SECTORS 14-57, 
INT .13h, AH = 05h - FORMAT TRACK 14-58, 
INT 13h, AH = O8h - GET DRIVE PARAMETERS 
INT 13h, AH = 08h - READ DRIVE PARAMETERS 
INT 13h, AH = 09h - INITIALIZE FIXED DISK 
DRIVE PARAMETERS 
INT 13h, AH = OAh - READ LONG 
INT 13h, AH = OBh - WRITE LONG 
INT 13h, AH = OCh - SEEK CYLINDER 
INT 13h, AH = ODh - ALTERNATE DISK RESET 
INT 13h, AH = 10h - TEST DRIVE READY- 
INT 13h, AH = 11h - RECALIBRATE DRIVE 
INT 13h, AH = 14h - CONTROLLER DIAGNOSTIC 
INT 13h, AH = 15h - GET TYPE OF DRIVE 14-60, 
INT 13h, AH = 16h - GET DRIVE DISKETTE 
CHANGE- SIGNAL STATUS 


INT 13h, AH = 17h - SET DRIVE TYPR FOR 


FORMAT 


INT 13h, AH = 18h - SET MEDIA TYPE FOR 


FORMAT 


14-31 
14-33 
14-53 
14-92 


14-54 


14-93 


14-93 
14-94 
14-95 
14-96 
14-96 
14-97 
14-59 


14-97 
14-98 
14-99 
14-100 
14-100 
14-101 
14-101 
14-102 
14-102 


14-60 


14-61 


14-61 


Interrupts (Continued) 
INT 14h - SW - COMMUNICATIONS I/0 


INT 14h, AH = 00h 

INT 14h, AH = Oth 

INT 14h, AH = 02h 

INT 14h, AH = 03h 
STATUS 


INT 15h - SW - BIOS 


INT 15h, AH = 4Fh 
INTERCEPT 
INT 15h, AH = 80h 


INITIALIZE PORT 
TRANSMIT CHARACTER 
RECEIVE CHARACTER 
SENSE COMMUNICATIONS 


EXTENSION 
KEYBOARD SCAN CODE 


DEVICE OPEN 
DEVICE CLOSE 


INT 15h, AH = 81h - 

INT 15h, AH = 82h - PROGRAM TERMINATE 

INT 15h, AH = 83h, AL = 00h - EVENT WAIT 

INT 15h, AH = 83h, AL = Olh - CANCEL EVENT 
WAIT 


INT 15h, AH = 84h 
INT 15h, AH = 85h 
INT 15h, AH = 86h 
INT 15h, AH = 87h 
INT 15h, AH = 88h 
DETERMINATION 
INT 15h, AH = 89h 
INT 15h, AH = 90h 
INT 15h, AH = 91h 
INT 15h, AH = COh 
ENVIRONMENT 


JOYSTICK 
SYS REQ KEY ROUTINE 
UNCONDITIONAL WAIT 
MOVE BLOCK 
EXPANSION MEMORY 


ENTER PROTECTED MODE 
DEVICE WAIT 

DEVICE POST 

RETURN SYSTEM 


INT 16h - SW - KEYBOARD 1/0 
INT 16h, AH = OOh - GET KEY 


INT 16h, AH = Olh - CHECK FOR KEY AVAILABLE 


INT 16h, AH = 02h - READ SHIFT STATUS 


INT 16h, AH = 03h - SET REPEAT KEY RATE AND 


DELAY 


14-72 
14-72 
14-73 
14-74 


14-74 
14-33 


14-34 
14-34 
14-35 
14-35 
14-36 


14-36 
14-37 
14-38 
14-39 
14-39 


14-40 
14-41 
14-42 
14-43 


14-46 
14-80 
14-81 
14-81 
14-82 


14-82 


Interrupts (Continued) 
INT 16h, AH = O5h - PLACE SCAN CODE/CHARACTER 


INT 
INT 


INT 


IN TYPE-AHEAD BUFFER 
INT 16h, AH = 10h - GET ENHANCED KEY FROM 
TYPE-AHEAD BUFFER 
INT 16h, AH = 11h - CHECK FOR ENHANCED KEY 
IN TYPE-AHEAD BUFFER 
16h, AH = 12h - GET ENHANCED KEY STATUS 


16h, AH = FOh - SET CPU SPEED 


(12-MHz System) 


16h, AH = FOh - SET CPU SPEED 


(8-MHz SYSTEM) 


INT 16h, AH = Fih - READ CURRENT CPU SPEED 


(12 MHz SYSTEM) 


INT 16h, AH = Flh - READ CURRENT CPU SPEED 


(8-MHz SYSTEM) 


INT 16h, AH = F2h - DETERMINE ATTACHED 
KEYBOARD 

INT 17h - SW - PRINTER I/0 

INT 17h, AH = 00h - PRINT CHARACTER 

INT 17h, AH = Olh - INITIALIZE PRINTER 

INT 17h, AH = O2h - GET PRINTER STATUS 

INT 18h - SW - BOOT FAIL 

INT 19h - SW - BOOTSTRAP 

INT 1Ah - SW - TICK COUNTER/RTC 

INT 1Ah, AH = 00h - READ TICK COUNTER 

INT 1Ah, AH = Olh - SET TICK COUNTER 

INT 1Ah, AH = 02h - READ RTC TIME 

INT 1Ah, AH = 03h - SET RTC TIME 

INT 1Ah, AH = 04h - READ RTC DATE 

INT 1Ah, AH = 05h - SET RTC DATE 

INT 1Ah, AH = 06h - SET RTC ALARM 

INT 1Ah, AH = 07h - RESET RTC ALARM 


INDEX 


14-83 


14-83 


14-84 
14-85 


14-86 


14-85 


14-87 


14-86 


14-87 
14-67 
14-67 
14-68 
14-69 
14-47 
14-47 
14-22 
14-23 
14-24 
14-24 
14-25 
14-25 
14-26 
14-26 
14-27 
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Interrupts (Continued) 


INT 1Bh - SW - CTRL + BREAK SERVICE 14-88 
INT 1Ch - SW - TICK COUNTER SERVICE 14-27 
INT 1Dh - PTR - PARAMETER TABLE 14-123 
INT 1Eh - PTR - DISKETTE DRIVE PARAMETER 

TABLE VECTOR 14-62 
INT 1Fh - PTR - DOT TABLE 14-125 
INT 40h - SW - DISKETTE DRIVE I/0 14-62 
INT 41h - PTR - FIXED DISK DRIVE 1 PARAMETER 

TABLE 14-103 
INT 46h - PTR - FIXED DISK DRIVE 2 PARAMETER 

TABLE 14-104 
INT 4Ah - SW - RTC ALARM SERVICE 14-28 
INT 70h - HW - IRQ8, RTC INTERRUPT 14-29 
INT 71h - HW - IRQS 14-127 
INT 72h - HW - IRQ1O 14-128 
INT 73h - HW - IRQ11 14-128 
INT 74h - HW - IRQI2 14-128 
INT 75h - HW - IRQ13, 80287 ERROR 14-20 
INT 76h - HW - IRQ14, FIXED DISK INTERRUPT 14-103 
Interrupt controller 1-5, 2-140, 2-186 - 2-188 
Interrupt priority encoder 2-59, 2-139, 2-186 
Interrupt Service Calls 14-1, 14-2 


Interval timer 104 2-17. 2=20;. 2293, °2-90, 
2-74, 2-139, 2-142, 2-180, 2-181, 2-182, 
2-183, 2-184, 2-185, 2-188, 2-200 


Architecture 2-181 
Control Word Format 2-57 
Counter-l|atch Command 2-57 
Initial Values 2-56 
Operating Modes 2-56 
Read-back Command 2-58 


INTR Interrupts 2-59, 2-186 


J 
Joystick 14-33, 14-37 
Jumper 2-3, 2-11, 2-12, 2-16, 2-17, 
2-138, 3-10, 4-3, 7-23, 10-2 
a ee EE 
Keyboard 8-1, 14-80 
Keyboard BIOS interrupt 14-45 
Controller 2-3, 2-17, 2-39, 2-72, 2-130, 
2-139, 2-166, 2-167, 2-199, 8-1 
ACK (FAh) 8-15 
BREAK (FOh) 8-15 
ECHO (EEh) 8-15 
1/0 Function Summary 14-80 
Indicators 14-77 
Interrupts 14-76 
LED indicators 14-78 
POWER-ON COMPLETED (AAh) 8-15 
RESEND (FEh) 8-16 
Scan Codes 2-50 
Keyclick 14-78 
a es eee 
Lightpen 14-108, 14-112 


a ee 
Machine ID 14-129 
Machine-Type Code 14-129 
MAIN STATUS (3F4h, READ-ONLY) 5-8 
MAP Gate Array 2-21, 2-75, 2-76, 2-201, 2-202 


2+205. 27244 2°20, 2-31, 
2-144, 2-146, 2-153, 2-154, 2-156, 2-186 


Mask Register 


MASTER RESET 2-29, 2-153 
Math coprocessor 2-6, 2-37 
Media State Byte 14-50, 14-51 
Memory 

Address Decoding 2-7, 3-5, 2-133 
boards 2-186 
configurations 3-7 
map 2-9 
Page register 2-143, 2-144 
Page Register 2-76 
refresh 2-8 
Support 2-8, 2-134 
SYSTEM 2-133, 2-135 
Memory-error codes A-16 
Miscellaneous Interrupts 14-126, 14-127 
Miscellaneous BIOS Keyboard 14-78 
Miscellaneous System Board Information 2-3 
MODE register 2-26 
MODE Register 2-144, 2-148 
Mode speed 2-174 


INDEX 1] 


Mode 

320 x 2000-Pixel Graphics 7-17 
640 x 200-Pixel Graphics 7-17 
AUTO 2-199 
FAST 2-198, 2-199 
Graphics 7-15 
HIGH 2-195, 2-198, 2-199 
PROTECTED 1-15, 14-2, 14-4, 14-17, 14-41 
PROTECTED VIRTUAL MEMORY 2-35, 2-161 
REAL 1-15, 2-35, 2-161, 14-2, 14-3, 14-4 
Text 7-15 
MODE Register (3D8h, WRITE-ONLY) 7-11 
Monitor 

Resolution and Frequencies 13-4 
Connector 13-16 
Composite Video 7-20 
RGBI 7-19 
Move Block 14-33 
MS-DOS File Storage (Tape) 12-12 
MSC Gate Array 2-75, 2-135, 2-201 
Multipurpose fixed disk controller board 10-2 
Multipurpose controller board 10-2 
IN 
NEC765A Floppy Disk Controller 5-9 
NMI_ Interrupts 5-59, 2-186, 2-188 
Non-CPU Operations 2-64, 2-19] 
NOP Command (F7h. .FDh) 8-13 
NOP Command (E£Fh..F2h) 8-12 


Normal Reset 14-3 
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Oe 
Operating Modes 2-183 
ey 
Parallel Printer Connector Signals 5-26 
Parallel Printer Connector 5-28 
Parallel printer circuits B-1, B-11 


14-10, 14-55, 14-89, 14-97, 14-123 
2-139, 2-145, 2-146, 2-154, 
2-155, 2-170, 2-171, 5-7 


Parameter Table 
Port addresses 


Port Functions 2-169 
Port 64h, Command/Status Register 2-45 
PORTABLE 286 2-162 
Power Cable Connector 11-8 
Power Supply Connector 9-8 
Power supply 9-] 
Power-down sequence 9-2 
Power-on 14-106 
Power-On Self-Test 2-12 
Power-On System Initialization 14-7 
Power-On Sequence 9-2 
POWER-ON COMPLETED (AAh) Keyboard Response 8-15 
Power-On Self-Test (Post) Messages A-2 
Power-On Messages A-1 
Print Screen 14-64, 14-66, 14-125 
Print Screen Status 14-65 


Print Character 14-64, 14-67, 14-68 


Printer 14-65 


1/0 14-64, 14-67 
Interrupt 14-64, 14-70 
Port 14-67, 14-68, 14-64, 14-69 
Port 0 14-65 
Port enabled 5-20, 5-23 
status 14-64, 14-68, 14-69 
PRINTER CONTROL Register B-13, 5-18 
Printer Circuits 5-16 
PRINTER DATA Register B-12 
PRINTER DATA REGISTER (3BCh) 5-17 
PRINTER STATUS REGISTER (3BDh, READ-ONLY) 5-17 
PRINTER STATUS Register B-13 
Priorities 2-187, 2-188 
Processor Interrupts 14-14 
PROGRAMMABLE DEVICES 2-17, 2-128, 2-130, 2-139 
Programming Considerations 14-5 


1-15, 14-2, 14-4, 14-17, 

14-18, 14-20, 14-28, 14-33, 14-41, 
14-42, 14-88, 14-127 

Protected Virtual Memory mode 2-34, 2-161 
PWRGOOD 2-6, 2-75, 2-132, 2-201, 9-2 


Protected mode 


R 
RAM 1-5, 2-3, 2-7 - 2-99, 2-13, 2-16, 
-26, 2-64, 2-75, 2-77, 2-128, 2-130, 
2-133 - 2-135, 2-149, 2-198, 2-199, 3-5, 4-3, 7-5 
RAM locations 14-29 
RAM Refresh 2-62, 2-66 
Read Sectors 14-92 
Read Long 14-92 
Read status 14-48 
Read sectors 14-48 
Read Only Memory (ROM) 2-138 
READ SECTORS 6-13 
READ LONG 6-13 
READ BUFFER 6-18 
Read-Only Memory (ROM) 2-3 
Real Mode 1-15,.2-35, 2-161, 14-2, 14-3, 14-4 
Real-time clock 2-142, 2-155, 2-186, 14-3 
Real-Time Clock and Configuration Memory 2-30, 
2-59, 2-71, 2-73, 2-155, 2-198, 2-199 
Recalibrate Drive 14-92, 14-101 
RECALIBRATE 6-12 
Refresh 2-180, 2-181, 2-182, 2-134, 2-135, 
2-140, 2-155 
Refresh requests 2-66 


Registers, 

ACE BAUD RATE DIVISOR LATCH 

ACE INTERRUPT ENABLE 

ACE INTERRUPT ENABLE (3F9h) 

ACE INTERRUPT ID 

ACE INTERRUPT ID (3FAh, READ-ONLY) 

ACE Line Control 

ACE LINE CONTROL (3FBh) 

ACE LINE STATUS (3FDh, READ-ONLY) 

ACE LINE STATUS (READ ONLY) 

ACE MODEM CONTROL 

ACE MODEM CONTROL (3FCh) 

ACE MODEM STATUS (3FEh, READ-ONLY) 

ACE MODEM STATUS (READ ONLY) 

ACE RESERVED 

ALTERNATE STATUS (3F6h, READ-ONLY) 

BASE AND CURRENT ADDRESS - CHANNELS 0-3 

BASE AND CURRENT WORD COUNT - 
CHANNELS 0-3 

COLOR (309h, WRITE-ONLY) 

COMMAND 

COMMAND (1F7h, WRITE-ONLY) 

CURRENT ADDRESS CHANNELS 0-3 

CURRENT WORD COUNT - CHANNELS 0-3 

CYLINDER HIGH (1F5h) 

CYLINDER LOW (1F4h) 

DATA (1F0h) 

DATA (3D5h) 


DATA TRANSFER RATE CONTROL (3F7h, WRITE-ONLY) 


DISKETTE] AND FIXED DISK1 STATUS 
(3F7h, READ-ONLY) 


INDEX 13 


B-7 
B-8 
oo 
B-8 
9-13 
B-9 
5-14 
5-15 
B-104 
B-9 
5-14 
5-15 
B-10 
B-11 
6-9 
2-150 


2-28, 2-151 


7-12 


2-55, 2-144, 2-147 


14 80286-Based Products Technical Reference Guide 


Registers (Continued) 


DRIVE CONTROL (3F2h, WRITE ONLY) 5-/ 
DRIVE CONTROL (3F6h, WRITE-ONLY) . 6-10 
ERROR (1Flh, READ-ONLY) 6-4 
INDEX (304h, WRITE ONLY) 7-9 
MAIN STATUS (3F4h, READ ONLY) 5-8 
MASK 2-144 
MODE 2-26, 2-144, 2-148 
MODE (3D8h, WRITE-ONLY) 7-11 
PRINTER CONTROL B-13 
PRINTER CONTROL (3BEh) 5-18 
PRINTER DATA. B-12 
PRINTER DATA (3BCh) 5-17 
PRINTER STATUS (3BDh, READ-ONLY) 5-17 
PRINTER STATUS (READ ONLY) B-13 
RESET MASK REGISTER 2-29 
SECTOR COUNT (1F2h) 6-5 
SECTOR NUMBER (1F3h) 6-6 
SECTOR SIZE/DRIVE/HEAD (1F6h) 6-7 
STATUS 2-25, 2-147 
STATUS (1F7h, READ-ONLY) 6-7 
STATUS (3DAh, READ-ONLY) 7-14 
TEMPORARY 2-29, 2-152 
TEMPORARY 2-29 
TRANSMITTER HOLDING (3F8h) 5-12 
WRITE PRECOMPENSATION CYLINDER 

(i1Fih, WRITE-ONLY) 6-5 
RESEND Command (FEh) 8-13 
RESEND (FEh) Keyboard Response 8-16 
Reset 2-130, 2-132, 2-147, 2-149, 2-153, 


2-154, 2-156, 2-161 


Reset codes 14-4, 14-5 
RESET Command (FFh) 8-13 
Reset diskette 14-48 
RESET LIGHTPEN Register (3DBh, WRITE-ONLY) 7-14 
RESET MASK 2-154 
RESET MASK REGISTER ~ 2-29 


RESET POINTER FLIP-FLOP 2-28, 2-29, 2-150, 


2-191, 2=152,,2-193 


Revision Code 14-129 
RGBI monitors 7-19 
ROM Revision Code 14-129 
ROM 2-7, 2-9, 2-11, 2-12, 2-13, 2-16, 
2-77, 2-128, 2-130, 2-133, 2-134, 2-138, 2-198 
RS-232-C 5-26 
RTC 2-18, 2-30, 2-140, 2-155, 14-3, 14-21 
S 
Save Set Description 12-15 
Sector Table 6-16 
SECTOR SIZE/DRIVE/HEAD Register (1F6h) 6-7 
SECTOR NUMBER Register (1F3h) 6-6 
SECTOR COUNT Regsiter (1iF2h) 6-5 
security Key Lock 2-53, 2-180 
seek Cylinder 14-92 
SEEK 6-12 
Sense Status 14-72 


Sense Communications Status 14-74 
Serial port 5-14, 14-72, 14-74 
Serial Connector Signals 5-26 
Set media types for format 14-48 
Set drive types for format 14-48 
SET STATUS INDICATORS Command (EDh) 8-11 
SET KEY REPEAT RATE Command (F3h) 8-12 
SET DEFAULT CONDITIONS Command (F6h) 8-13 
SET LIGHTPEN Register (3DCh, WRITE-ONLY) 7-14 
SETCLOCK 2-31 
SETUP 2-12, 2-31, 2-73 
Software interrupt 14-106 
Software Reset 14-4 
SOFTWARE DRQx REQUEST 2-27, 2-150 
software Concepts 1-15 
Speaker Interface 2-71, 2-74, 2-198, 2-200 
Special BIOS ROM locations. 14-129 
Speed control 2-198 
Speed 2-170, 2-171, 2-174, 2-176 
ST506 6-1, 11-1, 11-3, 11-5 
Status codes 14-51 
STATUS register 2-147 
Status register 2-25 
Byte OAh 2-33, 2-158 
Byte OBh 2-34, 2-159 
Byte 0Ch--Read-Only 2-34, 2-159 
Byte 0Dh 2-34, 2-160 
Register (1F7h, READ-ONLY) 6-7 
Register (3DAh, READ-ONLY) 7-14 


Switch settings 2-/6, 2-77, 2-135, 2-136, 5-23 


INDEX 15 


SYS REQ Key 14-76 
Sys Req Key Routine 14-33, 14-38 


bade wee 94 Colle cats, 218, 
2720 ,..2=305: 2°62, 2-04; (c= 75,. 27189 


System board 


1/0 Map 2-18, 2-140 
Memory Configurations 2-137 
Power Requirements 2-75, 2-201 
System, 

bus 2-62, 14-127 
Characteristics 1-2 
Configuration Word 14-109 
control circuitry 2-6 
initialization 2-3, 2-130 
Interconnections 1-11 
Interrupts 14-30 
Memory Board 2-77, 3-1 
memory map 1-1, 1-15 
ROM 14-115 
Scan Codes 2-50, 2-177 
Specifications 1-9 


16 80286-Based Products Technical Reference Guide 


T 


Tape Backup (see Fixed Disk Drive Backup) 

Tape Format 12-10 
Tape header (HDR) 12-12, 12-15 
Tape Identification area (TID) 12-15 


Tape Sections, 


File Allocataion Table 12-15, 12-19 
Save Set Description 12-15, 12-18 
Tape Header 12-15 
Tape Identification Area 12-15, 12-16 
Tape utilities 12-11 
TEMPORARY 2-29, 2-152 
Text Mode 7-15 
Tick Counter/RTC 14-9, 14-10 
Interrupts 14-21 
Timer-Ticks-Since-Midnight counter 14-3 
Timing 2-148, 2-169 
Transmit Character 14-72, 14-73 
TRANSMITTER HOLDING (3f8h) 5-12 
Type Code 14-102, 14-4214-129 
Me a a ee eee 
Verify Sectors 6-15, 14-48, 14-53, 14-57, 14-92 
Vertical Timing 7-21 
Video Parameter Table 14-107 
Video mode parameter tables 14-123 
Video Interrupts 14-106, 14-107 
Video I/0 14-107, 14-108, 14-109, 14-125 


Video BIOS Extensions 14-108, 14-121 


Video controller 2-3 
Video I/0 14-1, 14-10 
Video memory 7-4, 7-5 
Video display controller board 7-1 
Video buffer 7-25 
a ee eee ae ee ee ee! 
Word-DMA Operations 286, 2-193 
WRITE ALL MASK BITS 2-26, 2-27, 2-149 
WRITE BUFFER 6-19 
Write Long 6-14, 14-92 
Write Precompensation 5-10 
WRITE PRECOMPENSATION CYLINDER Register 

(1Flh, WRITE-ONLY) 6-5 


WRITE SECTORS 
WRITE SINGLE MASK BIT 


6-14, 14-48, 14-53, 14-56, 14-92 
2-26, 2-2/7, 2-149 
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